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Controversy as to the real 
cause has usually followed 
serious railroad wrecks. In 
the disaster on the New Haven this. week, 
however, in which twenty-one persons were 
killed and fifty hurt, we have the engineer’s 
word that fog prevented him from seeing a 
stop signal until too late to avoid collision. It 
is but another evidence of the lax management 
and poor discipline to which are attributable 
the long series of New Haven disasters. In- 
dividual accidents can be explained by specific 
causes, but underlying all are these funda- 
mental disorders. It is not unlikely that the 
troubles of this one road may be the means of 
saddling upon the railroads in general enor- 
mous burdens for improved signaling and 
steel coaches. Legislators may refuse to con- 
sider that thousands of passengers daily ride in 
safety in wooden coaches under present signal- 
ing methods. They may not recognize that 
discipline is a greater safety device than 
elaborate signaling system or a non-collapsible 
coach. It may be that the courts would stop 
legislation of a confiscatory nature even though 
the laws were framed to insure greater safety. 
Undoubtedly the installation of better signal- 
ing and the substitution of steel for wooden 
ears are desirable. Both are being done on 
most roads as rapidly as the financial situation 
will allow. To force the roads into more rapid 
changes will likely aggravate the financial 
troubles with which they are afflicted. 


North Haven 
Collision 


Dangerous Bridge In the Engineering Record 
Floors Again of Aug. 23 attention was 

called to the fire hazard of 
wood floors in steel bridges. That the lesson 
taught by the Portland Bridge fire has: not 
gone unheeded is demonstrated by the attitude 
of the chief of Tacoma’s fire department in 
calling attention to the dangerous situation of 
the new City Waterway bridge. The munic- 
ipal dock—a fire trap, he terms it—is beneath 
the structure. Should it take fire the flames 
would attack the creosote blocks, gain head- 
way quickly and be difficult to stop. Evidently 
the danger has not been hitherto appreciated. 
No hydrants or engine attachments are on the 
bridge; the city has no fireboat, from which 
alone the main span could be reached by a fire 
stream; and the end of the dock, against the 
bridge, has practically no fire protection. In 
his opinion as to the danger the chief is sup- 
ported by the superintendent of the city docks. 
The latter urges the shortening of the struc- 
ture, while the fire chief recommends its re- 
moval, and, in addition, the purchase of a fire- 
boat. Other officials should profit by this 
example, for undoubtedly there are exposed 
wooden bridges elsewhere. 


Comment was made in these 
columns last week on the dan- 
gers attendant upon “good- 
roads days” which are not accompanied by 
educational campaigns. In these “days,” how- 
ever, a certain well-defined task approved of 
by all is performed. When, however, the 
enthusiasm for the good-roads day idea is 
allowed to spread to untried and uncertain 
fields it is time to calla halt until competent 
counselors have spoken. The Governor of 
Kansas, spurred by the good-roads. accom- 
plishments of his doughty neighbor, the Gov- 
ernor of Missouri, now proposes, so. press 


“Pon?-Week” 
Fallacy 


dispatches state, to have a “pond week’”— 
not a mere pond day—in September, during 
which “he hopes to see 100,000 ponds, averag- 
ing at least an acre in area, built for the con- 
servation of the coming winter's snow and 
rainfall.” This is the Governor’s solution for 
the drought which last month was a serious 
problem to the stock raisers and farmers of 
the state. Unquestionably the problem is an 
important one, but the way to solve it is nc+ to 
rush into a pond-building week but to engage 
competent engineering advisers, who, after 
study of the rainfall and geologic factors, will 
report a proper remedy. The slogan, “Do it 
now!” needs amendment by adding, “But first 
be sure you're right!” 


Life of 
Bond Issues 


Favorable comment has been 
made in these columns in the 
past on the regulation by 
English authorities of the periods’ for which 
bonds may be issued for the construction of 
various works. It has been fully recognized 
by them that the life of the bond should bear 
some relation to that of the structure on 
which it was issued. A Massachusetts law 
which becomes effective on Jan. I, 1914, con- 
tains provisions based on this idea. For ex- 
ample, sewers, sewage-disposal and water- 
supply systems and parks are to be paid for 
in 30 years; public buildings, bridges and gas 
and electric-lighting plants in 20 years; streets 
and highways, and “stone, block, brick or other 
permanent pavement,” 10 years; macadam 
pavement, 5 years; sidewalks of material of 
lasting character, 5 years. While it is cus- 
tomary in the United States to set periods for 
the repayment of debts, they are generally 
adopted arbitrarily. The most flagrant case 
is the 50-year-bond plan for pavements and 
highways, which, under the very best condi- 
tions and construction, do not last over 20 years 
or 25 years. The subject is one that engineer-. 
ing societies may well take up for the benefit 
of their respective communities. 


Attitu7e of the 
Irrigationists 


Comments by papers in the 
Pacific Northwest on the 
progress of the Secretary of 
the Interior through the irrigated sections in- 
dicate a decided change in popular attitude. 
At the time the secretary took office there 
came down upon him 2 hurricane of protest 
with reference to the Reclamation Service 
which would have upset most men and re- 
sulted in a “shaking up” of that organization. 
Had that sentiment persisted, even though he 
himself had done nothing to incur criticism, 
the secretary would not have been received in 
the West with the cordiality he has experi- 
enced in his present trip. The wisdom of his 
policy of bringing the protestants to Washing- 
ton, patiently listening to their story and re- 
questing their assistance in solving the gov- 
ernment’s difficulties has been fully demon- 
strated. It required great mental and moral 
strength to hold one’s own in that storm, but 
its passage has apparently left the secretary 
with a strong following throughout the irri- 
gated sections. The conference apprised him 
of the great difficulties under which both pub- 
lic and private irrigation enterprises are la- 
boring, while they convinced the settlers of 
his sympathetic and judicial attitude. The 
result has been a friendly spirit which, if con- 
tinued, should aid materially while working 


out the tremendous problem of developing the 
national irrigation projects into “going con- 
cerns.” The settlers now realize more keenly 
than ever the difficulties which must be met; 
if, going a step farther, they would accept 
them as economic and not as political prob- 
lems, valuable time and energy would be 
saved. Appeals for relief to congressmen are 
not a satisfactory way of solving problems in 
irrigation management and development—espe- 
cially when the Department of the Interior has 
the receptive attitude shown by its present 
head. 


Standardizing 
Sewerage Plans 


The old problem of making 
bricks without straw has a 
counterpart in the task which 
confronts many state boards of health—that 
of passing upon plans for sewerage systems, 
treatment works, water supplies, and filtra- 
tion plants that do not contain data upon 
which an intelligent estimate of their value 
can be based. In New Jersey, for instance, 
requests for the approval of plans sketched on 
pieces of wrapping paper are not without 
precedent. Sometimes it happeus that engi- 
neers will prepare designs for sewage-treat- 
ment works without adequate investigation of 
local conditions or appreciation of the highly 
specialized knowledge required for successful 
design. The building of the plant according 
to these plans -would certainly result in a 
menace to the community or a total loss of 
the investment. It devolves upon the health 
board to intervene and insist upon the cor- 
rection of the design and the furnishing of 
full data. The board’s force, however, must 
necessarily waste much time in correspondence 
relative to missing and inadequate data and 
plans if this lax procedure is allowed to con- 
tinue. To lessen the delays, therefore, Mr. 
Fitz-Randolph, chief of New Jersey’s division 
of water and sewerage, has evolved a set of 
rules and regulations governing the submis- 
sion of designs for the board’s approval. 
These, in so far as they relate to sewerage, 
are published on page 273. The waterworks 
rules will appear in an early issue. This set 
of regulations specifies exactly the board’s re- 
quirements and should prove of great value. 
The pamphlet is not the work of a single indi- 
vidual; before its adoption it was submitted 
for criticism to a number of prominent sani- 
tary engineers and from them many helpful 
suggestions were received. The rules, there- 
fore, embody what is accepted as good practice 
in present-day design of sewerage systems 
and treatment works and as such should have 
a range of usefulness far beyond the limits of 
New Jersey. 


The use of motor-driven, 
centrifugal. pumps for small 
waterworks is increasing, 
and there can be little question as to their 
suitability in many cases. The importance of 
high efficiency when using relatively expen- 
sive power is not always fully understood. 
Electric motors of good efficiency can usually 
be obtained, but considerable trouble is often 
experienced in obtaining a centrifugal pump 
having high efficiency under special conditions 
of head and discharge. The difference in the 
annual operating expenses of pumps at 60 per 
cent and at 70 per cent efficiency is about $1 
per gallon rating (per minute) when operating 


Buying Small 
Pumps 
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10 hours per day against a head of 100 ft., the 
motors having efficiencies of 85 per cent and 
power costing 5 cents per kilowatt hour. That 
is, the 60 per cent pump would cost $200 per 
year more to operate than the 70 per cent 
pump if the capacity were 200 gal. per minute. 
It is evident that the pump having 60 per cent 
efficiency is not worth as much as the other and 
that under some circumstances it would be 
poor economy to accept it as a gift. In a 
recent case two motor-driven, centrifugal 
pumps guaranteed at 70 per cent developed 
only 60 per cent when tested in place. The 
specifications under which the pumps were 
bought did not cover this contingency, and no 
satisfactory solution as to payment or accept- 
ance has yet been reached. As is well known, 
the efficiency of a centrifugal pump is not the 
same for all discharges. When a pump is to 
operate through a wide range of discharge 
the specifications should exclude pumps hay- 
ing peaked efficiency curves. In any case 
they should be explicit as to the efficiency ex- 
pected at several heads and discharges, and 
should state the lowest efficiency which will 
be considered. A deduction should be made 
from the bid price for every per cent the 
pump falls below the expected efficiency for 
the discharge at which the pump will usually 
operate, and a bonus should be given for ex- 
ceeding it. To prevent disputes, the specifi- 
cations should also include a definition of 
efficiency, while provision for testing under 
the supervision of a competent engineer rep- 
resenting the owner should be made. In 
purchasing large units proper attention is gen- 
erally given these matters, but there is an 
unfortunate tendency to neglect these essen- 
tials when purchasing smaller units, though 
for the communities in question the transac- 
tions are equally important. i 


Federal Aid for Highways 


In these days when the mulcting of the 
Federal government is looked upon as an in- 
dication of patriotism and the odium which 
formerly attached to the word “paternalism” 
has disappeared, one heaves a sigh of relief at 
the discovery of a newspaper which has the 
hardihood to stand up against the latest pork- 
barrel propaganda. Referring to the National 
Highway Associaion, whose propaganda was 
adversely criticised in this journal several 
weeks ago, the Charlotte (N. C.) “Observer” 
says: “Recently an official of the National 
Highways Association called on the ‘Ob- 
server and insisted upon having a written 
expression of its views on roadbuilding in con- 
nection with the plans of the National con- 
cern. The ‘Observer’ gave it to this effect: 
It favors the promotion of roadbuilding in 
this country through individual township, 
county, district and state effort as the speediest 
and most effective system of securing good 
roads, and that as the states build these roads 
they connect up with the proposed across-the- 
continent road, in effect thus creating this cen- 
tral road themselves. It would welcome and 
advocate Federal aid as auxiliary to these 
state efforts. In other words, self-help should 
be the reliance of the people in securing good 
roads. We should put the securing of govern- 
ment aid of secondary importance, rather than 
of first importance.” 

With this expression the Engineering Rec- 
ord is in hearty accord, though, theoretically, 
it does not favor national aid in highway con- 
struction. Roads are local, not national, prob- 
lems. The appropriation of Federal funds is 
but a lazy man’s scheme for shifting the bur- 


den and a play of the politicians for the rural 
vote. 

Nevertheless, the propaganda has gone so 
far that there is little hope of stopping it. To 
continue to oppose Federal aid in some form 
is like butting one’s head against a stone wall. 
Federal aid is inevitable, and all that can be 
done now is to guide it into sane channels. 
To this end the highway officials and engineers 
who refuse to be stampeded into the rabid 
Federal-aid camp would do well to work to- 
gether. We have enough squandering of pub- 
lic funds—on useless public buildings, water- 
ways and harbors—without adding to the ab- 
surdity by throwing 100,000 miles of highways 
into the pork barrel. Alongside this juicy 
tenderloin, public buildings and harbors would 
look like cheap cuts. 


The Coming Road Congress 


With the Third American Road Congress 
only three weeks off, the Engineering Record 
urges its readers—contractors, highway ofh- 
cials and engineers—to consider earnestly the 
varied program announced in last week’s 
issue. The perfecting of the organization 
shows its fruits in the plans for the congress. 
The program covers every phase of the sub- 
ject, and through the energy of the officers the 
dead framework of a plan has been vivified 
by the acceptance of program assignments by 
men of experience and recognized standing. 
While the entire program may not, at first 
sight, appeal to all, it is urged that the engi- 
neers do not come merely for the Wednesday 
sessions on construction and maintenance. 
Conditions decree that the engineers form the 
substantial backbone of the highway organiza- 
tion of the country. Those who will grasp the 
opportunities are not the ones whose knowl- 
edge stops with materials, cross-sections, and 
methods of construction and maintenance. 
Legislation is the foundation of all highway 
work, while the attitude of the user (especially 
represented by the very aggressive automobile 
interests) will play a great part in the future 
of our highway systems. 

The session on national aid will require 
close watching by well-balanced men, free 
from the trammels of politics and commercial 
influences, while the resolutions coming up on 
the last day, proclaiming to the country at 
large the conclusions of the congress, demand 
their scrutiny, as they will ask the support of 
the technical men present. The resolutions 
will be practically settled in committee, but 
the committees will be the surer to reflect the 
tenor of the congress if it is realized that the 
Saturday attendance will be large and vigor- 
ous. It has been definitely announced that an 
effort will be made to agree on a policy of 
national aid; on the formation of a body to 
codify and simplify existing state highway 
laws, to the end that antiquated and contra- 
dictory laws may be superseded, and to arouse 
the participants to a realization of the part 
that maintenance must play in our road 
scheme. Engineers have, therefore, been 
forewarned of the matters to be taken up, 
and their failure to attend in large numbers 
and to stay through the congress will not only 
be evidence of dereliction of duty but of fail- 
ure to appreciate the part they may and should 
take in the development of our highway 
system. 

Highway authorities, too, should be alive to 
the educational advantages of the congress. 
The best investment they can make is to send 


adequate delegations of their responsible offi- 
cials. 


Psychology and the Contractor 


San Francisco has recently adopted a bonus 
and penalty form of contract under which, 
the city engineer writes to the mayor, very 
satisfactory results are being secured as to 
completion of work on time. He notes, for 
example, that on a street-railway contract the 
time was cut from 45 days allowed to 25 days, 
while on a similar contract 48 days sufficed 
for completing work for which 60 days had 
been allowed. 

These results have probably often been 
duplicated, and mention is made of them here 
principally to call attention to the psycho- 
logical effect of the bonus and penalty clause, 
though certain other phases are briefly dis- 
cussed. 

As a plain business proposition one would 
think that a contractor with a fixed-sum con- 
tract would rush work through in order to 
release his plant and use it elsewhere. It is 
the ordinary business method of turning over 
one’s capital as many times as possible. As 
a fact, however, while this does theoretically 
appeal to the contractor—in that he recog- 
nizes its inherent economies—practically it 
makes very little difference in his pace. Cus- 
tom and the particular types of p‘ant used 
have set a certain speed and so long as that 
is maintained very little study is given to the 
elimination of small inefficiencies and the 
saving of minutes here and there. The re- 
lease of his plant and the early receipt of full 
payment do not give just the sort of stimulus 
that is needed to make the contractor grudge 
the small losses. 

The “hanging up” of a bonus, however, in- 
vests the job with the spirit of a game. Not 
only is there a schedule—he probably had 
that before—which it will be a satisfaction to 
beat, but a monetary prize to win. The 
bonus seems to be a. challenge to him to “get 
under” the mark set, and with the love of a 
contest inherent in human nature he accepts 
the challenge. A contractor to whom $1000 
is a bagatelle will chuckle with delight over 
the earning of a bonus of that amount and 
brag about it to his friends. He will bend 
every effort to get it, spurring on his organ- 
ization and tuning up his equipment to the 
top notch. The game makes him critical of 
even small delays, and inefficiency in the use 
of equipment grows intolerable. The purse 
looms big and keeps him at it. Oftentimes 
in his interest in the bonus he fails to recog- 
nize that the savings through better manage- 
ment amount to more than the monetary prize. 
It is recognized, of course, that emergency 
work, done under very high pressure, is gen- 
erally costly; but it is the general run of con- 
tract in which the completion date is im- 
portant that is here considered. 

While undoubtedly a bonus clause does aid 
materially in securing the completion of work 
on or before, schedule time, it must not, there- 
fore, be considered as commendable in all 
sorts of contracts. Often there is no special 
need for hasty construction or harm from 
delay, while in other cases the schedule may 
be so liberal and the conditions as to mate- 
rials and labor so favorable that there is every 
likelihood of a competent contractor finishing 
on time. 

The setting of a fair completion date un- 
der a bonus and penalty clause, moreover, is 
not a simple matter. If the time estimate is 
too liberal, money is unnecessarily spent, 
while if too short the contract figures will be 
correspondingly high, and good men may re- 
fuse to bid, leaving the work to those who take 
“long chances.” Presumably if the time is very 
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short there will be some counterbalancing 
benefit to the owner from early completion. 

With good records of construction per- 
formance it is possible to set fair schedules 
that will avoid the difficulties and, when the 
completion date is imperatively set, to name a 
per diem bonus or penalty that will be an 
incentive to the contractor and be profitable 
to the owner. 


Organized Aeronautical Research 


An investigation of much engineering and 
scientific interest is shortly to be concluded 
by a commission appointed last winter by the 
President to report upon the feasibility of a 
national aeronautical laboratory. The devel- 
opment of this movement is outlined in a 
recent issue of the “North American Re- 
view” by Dr. A. F. Zahm, a well-known au- 
thority upon aerodynamics associated with 
the Bureau of Standards and holding mem- 
bership in the commission. It is well known 
that this country has dropped considerably 
behind France, Germany, Russia and Italy in 
aeronautical achievement, whether for mili- 
tary or commercial service, and the impor- 
tance of more vigorous work, sustained by 
ample funds, can easily be demonstrated. 
The national aeronautical laboratory plan 
appears. to offer a method of securing more 
efficient development, and the conditions for 
its establishment, as described by Dr. Zahm 
and in the writings of Capt. W. I. Chambers, 
who is in charge of aviation in the United 
States Navy, seem unusually favorable. 

Aviation has come to stay, regardless of 
the penalties it exacts from inexperienced, 
careless and even at times from efficient oper- 
ators of air craft. The long list of fatalities 
within the past two or three years is an in- 
disputable demonstration that man has yet to 
achieve the complete mastery of air trans- 
portation, but it can no more hold back the 
ultimate solution of the problems of flight 
than deaths by drowning at summer resorts 
can prevent people from learning to swim. A 
revolutionary method of travel has been born, 
and its military and economic values are po- 
tentially so great that nothing can stop its 
progress. It is certain that co-operative re- 
search under the general direction of an im- 
partial tribunal will be a powerful factor in 
establishing this fascinating art upon safer 
foundations, and that by concentrating our 
resources the general advance will be both 
steadier and faster than under present rather 
haphazard conditions. In the proposed lab- 
oratory a staff of trained specialists, pro- 
vided. with adequate apparatus, would furnish 
physical constants, laws, formule and experi- 
mental data of substantial and permanent 
value to the engineer, the aviator, inventor 
and manufacturer; the laboratory would en- 
able complete and reliable tests and reports to 
be made upon all classes of air craft that may 
be worthy of study and development, and it 
would preferably be located adjacent to a gov- 
ernmental flying ground, surrounded by ample 
manceuvering space over land and water, pro- 
vided with hangars and shops open to all 
civilians worthy of assistance. The knowledge 


- gained as to the art could be disseminated by 


publications, exhibits, conferences and lectures. 
By placing the work of the laboratory under 
the direction of a council in addition to a di- 
rector and his staff, it is felt that large and 
enduring results would be assured. Work 
under such supervision in Europe is amply re- 
paying the cost, of its, foundation. Dr. Zahm 
points out at length his concurrence with Cap- 


tain Chambers’ opinion that the grounds of the 
Smithsonian Institution provide an ideal loca- 
tion for the laboratory, and outlines the or- 
ganizations of this character abroad which are 
contributing to the advancement of the art of 
aeronautics. 

To the engineer, the proposal is of interest 
largely in connection with the structural, 
power, and stability problems of the aero- 
plane. Fundamentally, however, a national 
aeronautical laboratory would afford an op- 
portunity for the United States to take a 
fitting part in the development of an art 
which in time may result in a revolution in 
transportation methods. 


Steel Highway Bridge Specifica- 
tions of the Office of 
Public Roads 


The idea of having a definite standard, 
below which the highway bridges throughout 
the nation should not fall, is a good one. It 
is likely that the results of a standard specifi- 


cation will be greatest in the remote localities - 


where town and county officials have little 
knowledge of either engineering requirements 
or proper bridge construction and have gener- 
ally been largely at the mercy of combined 
or competing contractors. Any well-directed 
educational effort to inform them in the essen- 
tials of correct practice is desirable. 

While the specifications of the Office of 
Public Roads, printed in the last issue of the 
Engineering Record, are of average merit as 
compared with those issued from time to time 
by engineers, bridge companies, and others, 
they are not as good as they easily might be. 
Though not complicated, they are far beyond 
the comprehension of the average town or 
county official, and are for the guidance of 
the specialist, and, therefore, require the serv- 
ices of an experienced bridge engineer to 
make them valuable. They should be accom- 
panied by a statement that competent engi- 
neering services in addition to these specifi- 
cations are essential to successful bridge 
building. ee ie 

As the specifications are issued by a bureau 
of the national government and will be widely 
accepted, their requirements should be very 
carefully considered with reference to cost and 
resulting efficiency. With this in view certain 
clauses will be briefly considered. 

The minimum depth to length ratios for 
rolled beams (1/20), plate girders (1/12) and 
trusses (1/10) are those generally permitted 
for railway bridges and are all larger than 
are required for highway loads. 

The clauses regarding the amount and as- 
sumed distribution of the concentrated live 
loads are good, while the advisability of using 
the same unit stress for compression as for 
tension is open to serious question. The trend 
of the best modern. specifications is to limit 
the compressive unit stress to not over 14,000 
Ib. for small values of l/r. 
compressive unit stress is applied to the gross 
section of compression members, and the ten- 
sile unit stress to the net, in a bridge with a 
short panel length the gross area of the com- 
pression chord would be less-than that of the 
tension. The permission to use compression 
members in certain cases with an unsupported 
length of 140 times their least radius of gyra- 
tion is to be commended. There is no ques- 
tion that a compression member designed for 
a unit stress of (16,000 — 70 l/r) will be safe 
and permanent even at a higher limit of l/r 


_than 140.-- 


As the reduced | 


The clauses prescribing the unit stresses in 
members subject to flexure are very loosely 
drawn. For example, a unit stress of 16,000 
Ib. on the extreme fiber of built-up girders 
is specified in the same clause which sets 
12,500 lb. as the extreme fiber stress in rolled 
beams. This implies that the section modulus 
of all the material in the cross-section should 
be used, while under “Proportioning Plate 
Girders” it is specified that the flanges shall be 
assumed to take all the bending moment, which 
implies that the flange stress be determined 
by the usual approximate method. There will, 
in general, be no necessity for splicing the 
web of a girder under 50 ft. in length, and, 
further, proper splicing of the web is always 
possible; there is, therefore, no reason for 
neglecting the resistance of the web. The use 
of a unit stress of only 12,500 lb. .on rolled 
beams is not in accordance with the best prac- 
tice, and the specifications having the greatest 
authority permit 16,000, or the same.as for 
built-up girders. It may be noted. that the 
New York Building Code. specifies a unit 
stress of 16,000 for rolled and 14,000 for built- 
up beams. 

The limiting of the spacing of floor. joists 
to 3 ft. is, perhaps, proper for. timber floors, 
but the limit is too low for reinforced-con- 
crete slabs or buckle-plate floors. 

There is, perhaps, no single item which adds 
so much to the cost of bridge work as the 
field riveting. The unit stresses specified for 
shop and field rivets in bearing are 20,000 and 
15,000 lIb., respectively, and in shear 10,000 
and 7,500 lb. These values for shop rivets are 
17 per cent, and for field rivets 25 per. cent 
less than those required by the American Rail- 
way Engineering Association’s specifications. 
The stipulation of such low. unit stresses for 
rolled beams and rivets will, in general, pro- 
duce a structure much more expensive, and 
very little, if any, better. than it would be if 
designed under the railway engineering asso- 
ciation’s specifications—than which none has 
greater authority. It is unlikely that the new 
specifications will have anything like the uni- 
versal use for which they are intended on ac- 
count of these.costly but not efficiency-pro- 
ducing requirements. 

The requirements for rivet pitch are the 
conventional ones, except for three innova- 
tions, which are not to be commended: (1) 
The definite statement of the method to be 
used in determining the number of rivets nec- 
essary to connect the vertical legs of the flange 
angles to, the webs of plate girders is very 
nearly correct if the action of the web to 
resist bending is neglected and if there be no 
vertical load to be transferred to the web. 
Strict adherence to this rule might in certain 
cases give too few rivets. (2) The require- 
ment that in no case shall the pitch of such 
rivets exceed 4 in. is very wasteful. There is 
no reason for such a small minimum spacing 
in the unloaded flange or flanges of a girder. 
(3). With reference to splice plates, the num- 
ber of rivets theoretically required on each 
side of the joint must be arbitrarily increased 
33 1/3 per cent for each filler under the splice 
plates. . It is needless to say that no scientific 
detailing can be done on such a basis. There 
is nothing to be gained by crude rules govern- 
ing matters with which only the skilled special- 
ist should deal. 

The remaining clauses are in general those 
of conventional practice. In order that the 
specifications shall accomplish their object— 
of securing a better class of highway bridges 
—they should be revised in several important 
particulars, and emphasis laid on the necessity 
of employing competent engineers on each 
bridge. 
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Sewage Disinfection in Philadelphia 


Details of Apparatus for Treating Effluent of Pennypack Creek Works 
By W. L, Stevenson, Assistant Engineer, Bureau of Surveys, Philadelphia 


Two-thirds ‘of the water supply of Phila- 
delphia is obtained from the Delaware River. 
The water is passed through preliminary and 
slow-sand filters and disinfected with calcium 
hypochlorite before delivery to the consumer. 

Pennypack Creek enters the Delaware 
River, which is tidal, about 2000 ft. below the 
intake of the water filters. Upon the water- 
shed of the creek are situated the village of 
Holmesburg and two municipal penal institu- 
tions. The crude sewage of about 10,000 per- 
sons was, therefore, formerly discharged into 
the tidal flow of the Delaware River, imme- 
diately adjacent to the source of the city’s 
water supply. In order to remove this pollu- 
tion there has been built and put into opera- 
tion by the Bureau of Surveys, of which Mr. 
George S. Webster is chief engineer, the 
Pennypack Creek sewage-treatment works, 
which consist of a grit chamber, coarse 
screens, two Emscher tanks, 1 acre of perco- 
lating filters, a disinfection apparatus and a 
final settling basin. (The works were de- 
scribed in the Engineering Record of Jan. 14, 
IgII, page 48.) 

In designing the disinfection apparatus an 
attempt was made to overcome certain diff- 
culties noted in most installations of this type, 
among which the following may be noted: 
Calcium hypochlorite exerts a very corrosive 
action on wood and most metals, so that fre- 
quent renewals of tanks and piping are re- 
quired; the dust arising when cans of bleach- 
ing powder are opened and during the making 
of the solution is very irritating to the eyes 
and. noses of the men engaged in operating 
the plant; in small installations irregular flow 
of the solution is common, due to clogging of 
the measuring orifice by imperfectly settled 
solutions of the bleach or flakes of calcium 
carbonate formed in the solution tanks by 
absorption of carbon dioxide from the air; 
inadequate mixture of the disinfecting solution 
and the sewage lowers the efficiency of the 
process. 

At the Pennypack Creek works the effluent 
of the percolating filters flows in a vitrified 
clay pipe to the final settling basin, which 
serves also as a storage reservoir for the 
action of the disinfectant. The apparatus is 
housed ‘in a frame building 14 x 15 ft. by 10 
ft. high, situated over a manhole on this pipe 
line. It consists of water service pipes, elec- 
tric motor, centrifugal pump, dust exhauster, 
mixing tank, solution tanks, constant-head 
orifice tank, diffusion devices, and the neces- 
sary piping and shafting, as shown diagram- 
matically in the drawing on this page. 

Usually the mixing tank is located above 
the solution tanks so as to have a gravity flow; 
this requires the use of steps and makes it 
necessary for the operator to carry the dry 
bleach up about to or 12 ft. In this appa- 
ratus the mixing tank is located 6 in. above the 
floor, so that its top is about level with the 
top of the drum of the bleach. It is a white 
cedar tank 3 ft. in diameter and 2 ft. 6 in. 
deep, lined with cement mortar plastered on 
metal lath fastened to the inside of the tank. 
It has a wooden cover, a segment of which is 
hinged for adding the dry bleach. In a cir- 
cular hole in the top is fitted the dust pipe 
leading to a Sturtevant exhauster, whose dis- 
charge is connected to a terra-cotta chimney. 

A water connection is made to the mixing 
tank near its top. The stirrer consists of 
eight steel teeth fastened to a horizontal arm 


driven by worm gearing upon the top of the 
tank. The discharge is in the side and near 
the bottom of the tank and connected with the 
suction of a 1!4-in. centrifugal pump set be- 
low the bottom of the mixing tank, so that it 
does not require priming. The force main of 
the pump is connected to the bottom of the 
two solution tanks. These are also of white 
cedar, with a cement lining, and are raised 
18 in. above the floor; each tank measures 4 
ft. in diameter and is 6 ft. deep. Each is pro- 
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which conveys the effluent of the percolating 
filters to the final settling basin. The very 
dilute bleach solution is thoroughly mixed 
with the sewage by flowing out through a 
large number of small holes in the lead pipe 
and by the baffling action of the flanges upon 
the lead pipe. 

The power for driving the stirrer in the 
mixing tank, the exhauster and the pump is 
obtained from a 1¥%4-hp, 220-volt motor. 

The operation of the disinfection apparatus 
is as follows: A drum of bleach is placed 
beside the mixing tank and under a dust hood 
connected to the exhauster. With the ex- 
hauster running, the proper quantity of hypo- 
chlorite is weighed out under the canvas cone. 
The powder is then emptied into the mixing 
tank, small quantities of water are added and 
the mixture is stirred by the paddles until it 
becomes a creamy fluid free from lumps. 
Water is then turned on and the centrifugal 
pump started to force the strong bleach mix- 
ture to the solution tanks. Since the influent 
to the solution tanks is in the bottom, the 
sludge deposited from prior use is thoroughly 
stirred up by the new solution and any avail- 
able chlorine left from previous lixiviations 
completely washed out. During the time the 
pump is running the contents of the solution 

tank are thoroughly agitated 
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by the incoming water. As 
iH all the water used in making 
||| = -:the solution passes through 
the mixing tank, the pump 
and the pives, these portions 
of the apparatus are freed 
from bleaching powder by the 
\ time the solution tank is 
filled, and in fact have 
been thoroughly washed out 
with clean water, which has 
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vided with a sludge blowoff and safety over- 
flow leading to the manhole and a depth of 
solution indicator. Valves on the discharge 
line of the pump control the pump feeds to 
either tank, and a check valve prevents the 
solution from flowing back to the mixing tank 
should one of these controlling valves be in- 
advertently left open. While one of these 
tanks is in service the solution in the other 
is settling. 

The solution can be drawn off if found 
advisable by a floating arm with an inlet 


about 6 in. below the surface, so as always to | 


supply the constant-head orifice box with the 
clearest solution, free from flakes of calcium 
carbonate which often float on the surface or 
sludge which settles on the bottom of the 
tank. The solution is added to effluent of the 
percolating filters. The constant-head orifice 
tank is enameled on the inside and the work- 
ing parts are made of bronze. 

Experiments conducted by the Bureau of 
Surveys during 1909 and Igio in the sewage- 
testing station demonstrated the importance 
of obtaining an intimate mixture of the 
hypochlorite solution with the sewage to be 
disinfected, due to the inefficiency of natural 
diffusion. To avoid the continual use of 
power for a mechanical mixer under the dis- 
infection house the bleach solution, as it flows 
from the orifice box, is diluted with a stream 
of water, and the very dilute bleach solution 
flows to a lead pipe supported on flanges, rest- 
ing on the bottom of the terra-cotta pipe 


Arrangement of Hypochlorite Apparatus 
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Perrorated Lead Pipe. 


From Sprinkding Fuge 


Filjers—- 


i 


Hes; 


prevented their deterioration by corrosion. 

As a protection to the tanks, pipes and. 
valves against the corrosion action of the 
bleach, they were thoroughly coated with: 
Minwix clear waterproofing, a natural paraffim 
preparation, resistant to the corrosive action 
of the bleach. 

Where percolating filters are dosed from a 
tank which alternately fills and discharges, 
the flow from the underdrains of the filter 
varies synchronously with the dosing tank, 
and for economical use of the disinfectant it: 
should be added in proportion to the rate of 
flow of the effluent. But in the works, of 
which the above-described apparatus is a part, 
the undulating head upon the nozzles is caused’ 
by a butterfly valve in the main distributing 
line between a tank in which the effluent of 
the Emscher tank is maintained at a nearly 
constant elevation and the percolating filter. 
The rate of flow of effluent from the filter is,. 
therefore, more uniform than usual, and a 
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uniform rate of flow of the bleach solution 
is used. 

Due to the freshness of the crude sewage, 
the efficiency of the Emscher tanks and the 
percolating filters, the effluent to be disinrected 
is well oxygenated and has a lower avidity for 
oxygen than is usual. These conditions, to- 
gether with the complete admixture of the 
diluted bleach solution with the filter effluent, 
have made it possible to produce an almost 
sterile effluent with a minimum amount of 
bleach. When the works were first put in 
service and the percolating filters were im- 
mature, and no laboratory facilities were 


available, an amount of bleach was added to 
insure a low bacterial content 
effluent. 


in the final 
The quantity was gradually de- 
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creased, as shown in the accompanying table: 


aS se) Final effluent 
x contained bacteria 
ae per c.c. on agar 
2g oe Sin 24 hours at 37 
Sm RE oo ———deg. C.—, 

Og BG 2a : bp 

} g 

ag ena ae un = 
aE ao | 685 5 g 82 
& Oo 5 =.0 o a} 
1913 Pome ge FEO ge 
Sees Oaocne aS we 
Jan. 22 to 30...... 92.6 3.8 $1.36 55 os as 
Bebaob tO Ox ais, oc 54.5 2.2 0.80 rf 6 Xe) 
Keb. .7ato. 20 c5 42.9 1.8 0.63 0 0 
Bebs 124to-13 50s... 33.5 1.4 0.49 0 0 
Feb. 14 to Mar. 31.23.4- 0.9 0.36 38 4 2 
ADPieoal tom oi . 21.0 0.9 0.34 12 2 0 
Apr. 3 to 30 . -20.5 0.9 0.34 14 1 0 
May 1°to) 21.2... 2.1958 0.84 0.32 10 9 0 


During the period from April 30 to May 1 
there were two occasions when the distribut- 
ing system of the percolating filters was being 
blown out and samples were taken at the same 
time. The laboratory found on May 9 200 
organisms per cubic centimeter resembling 
B, coli and 150 on May 16. These data are 
omitted in the table, as the conditions only 
lasted a few minutes and the inclusion would 
obscure the general average. 

The Pennypack Creek sewage-disposal 
works were designed by Mr. George E. Dates- 
man, principal assistant engineer; the disin- 
fecting apparatus was designed by the writer. 


THe LINNAKOSKI WATERFALL and property 
in its vicinity in Finland have been bought by 
the Russian-Asiatic Bank at St. Petersburg, 
Russia, for the sum of $231,600. It is expected 
to develop the power and transmit it to the 
Russian capital. 


Lime Sterilization of Water 


Results of Research Work Conducted at 
By Charles P. Hoover, Chemist in Charge, 


At the Columbus water-softening and puri- 
fication plant lime is used to remove the tem- 
porary hardness of the water. It has always 
been the policy at this plant to add the lime in 
quantities just sufficient to neutralize the free 
and half-bound carbonic acid and to precipi- 
tate the magnesium. The utmost care has 
always been exercised in order to reduce the 
temporary hardness to the lowest possible fig- 
ure and still not leave residual or excess lime 
in the softened water. During the four years 
that the plant has been in operation, the aver- 
age chemical analysis of the raw river water 
(expressed in parts per million) has been as 
shown in Table tI. 


TaBLE 1—CHEMICAL ANALYsis oF RAw WATER, PARTS 
Per MILLION 


Total alkalinity (temporary hardness).......-..-+.-- 151 
Incrustants (permanent hardness).........-..+-+---- 96 
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The water has received an average chemical 
treatment, expressed in grains per gallon, as 
follows: Lime, 7.6; soda ash, 4.2; alum, I.5. 
After the addition of the chemicals to the 
water it passes through baffled mixing tanks, 
then into settling basins and after from 15 to 
20 hours’ sedimentation the water is filtered 
through mechanical sand filters. 

The average analysis of the softened water, 
expressed in parts per million, for the past 
four years is shown in Table 2. 


TARLE 2.—ANALYSIs OF SCFTENED WatTER, Parts PER 


MILLION 
Total alkalinity (temporary hardness).............. 45 
Incrustants (permanent hardness)...........+-...++ 40 
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It has been observed that bacterial tests, 
made for the presence of intestinal bacteria, 
in the softened water, collected from the out- 
let of the sedimentation basins, are negative 
g2 per cent of the time in I cu. cm. A series 
of laboratory tests was made in order to deter- 
mine the agencies or factors responsible for 
the elimination of intestinal bacteria in the 
softened water. The following phases of the 
subject were studied: 1. Is the action me- 
chanical? In other words, are the bacteria 
entangled with the precipitated carbonates and 
dragged down mechanically ? 

2. Is the action due to the presence of nor- 
mal carbonates of calcium or magnesium? 

3. Is the action due to the presence of basic 
carbonate of magnesium? 

4. Is the action due to the absence of free 
and half-bound carbonic acid? 

5. What is the bacterial effect of free or 
excess lime in the treated water? 

6. Do the organisms perish because the or- 
ganic matter has been removed and not enough 
food supply is left in the treated water? 


CuemicaL AcTIoN oF Lime AppED To WATER 
_ Before presenting the outline of the experi- 
ments a brief explanation of the chemical 
action of lime when added to a hard water will 
be given, because there seems to be some con- 


the Columbus Water-Purification Plant 


and Russell D. Scott, Assistant Chemist 


fusion in reference to the chemical tests used 
to determine the presence of bicarbonates, nor- 
mal carbonates and excess lime, in lime treated 
waters. When lime is added to a hard water 
containing calcium and magnesium bicarbon- 
ates and magnesium sulphate its action is two- 
fold. It neutralizes the free and half-bound 
carbonic acid, thus precipitating the calcium 
as calcium carbonate, and converts the mag- 
nesium to the insoluble hydrate form. Its 
action on the incrusting (sulphate, chloride 
and nitrate) magnesium results in the forma- 
tion of an equivalent amount of calcium in- 
crustants. When lime is added to a water con- 
taining only calcium salts, it is necessary to 
apply only sufficient lime to neutralize the free 
and half-bound carbonie acid. The chemical 
reactions are: 


CaCOzCO. + Ca (OH)s— CaCO, + H2O 
MgCO,CO, + Ca (OH)» = MgCOz + CaCO + H2O 


MgCO> + Ca (OH)2 = Mg (OH)> + CaCOz 
O> + Ca (OH)3 = CaCO + H20 
MgSO, 4+ Ca (OH)s = Mg (OH)s + CaSO, 


The only analytical data necessary to deter- 
mine the amount of lime required to absorb 
the free and half-bound carbonic acid and to 
precipitate the magnesium are free CO,, half- 
bound CO, (44 per cent of the alkalinity), and 
total magnesium. The following formula for 
determining the amounts of lime required 
gives good results:» Lime required, grains 
CaO per gallon, equals free and half-bound 
CO, (parts per million) x .074; or total mag- 
nesium x .136. 


MEASUREMENT OF Caustic ALKALINITY 


After the water has been treated with lime 
a chemical analysis will show whether or not 
the proper amount of lime has been applied. 
The production of a red color when phen- 
olphthalein is added to a lime treated water 
does not mean that too much lime has been 
added, for water that has had no lime added 
to it will show a red color to phenolphthalein 
under certain conditions. For instance, if a 
hard water is boiled until all of the free and 
half-bound carbonic acid is driven off, the 
boiled water will react red to phenolphthalein, 
the red color being due to the presence of the 
slightly soluble normal carbonates of calcium 
and magnesium. The silver nitrate test for 
excess lime is not trustworthy because of color 
complications when chlorides are present. The 
alkalinity of natural waters ordinarily includes. 
the carbonates of calcium and magnesium. It 
may also include carbonates of sodium and 
potassium and, if the water is overtreated with 
lime, the water will contain caustic alkalinity. 
The caustic alkalinity may be determined by 
the following scheme of analysis: 1. Deter- 
mine total alkalinity, using methyl orange, or 
erythrosine as indicator. 2. Determine alka- 
linity, using phenolphthalein es indicator. 

If the water contains more than one-half as 
much alkalinity to phenolphthalein as it does 
to methyl orange or erythrosine, then the 
water contains excess lime, or caustic alkalin- 
ity, because the analysis made with phenol- 
phthalein indicates all the hydrate but only 
one-half of the carbonates, for the sulphuric 
acid used in making the titration causes the 
liberation of an equivalent amount of carbonic 
acid, which reacts acid to phenolphthalein. 

- The rule for calculating the caustic alkalin- 
ity, according to the standard methods of 
water analysis adopted by the American Pub- 
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lic Health Association is to multiply the phen- 
olphthalein alkalinity by 2. From this result 
subtract the total alkalinity. The. difference 


free or half-bound CO, or free lime, collected 
from the outlet of the sedimentation basins at 
the Columbus plant were divided in two por- 


ples were inoculated with large numbers of 
typhoid and colon bacilli, and it was found that 
the bacterial growth was not disturbed in the 


equals the caustic alkalinity. Table 3 shows tions. Both portions reacted alkaline to phen- carbonated portion but that the boiled portion 
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the relation between alkalinity by phenolphtha- 
lein and that by erythrosine or methyl orange 
in the presence of bicarbonates, carbonates 
and hydrates. 


Excess Lime MeEtHop 


Dr. A. C. Houston, chemist of the Metro- 
politan Water Board, London, England, in 
the eighth research report of the Metropoli- 
tan Water Board, proposed an excess of lime 
method of sterilizing water. His conclusions 
were founded on his observations that quick 
lime added to raw Thames water in the pro- 
portion of I part quick lime to 5000 parts of 
water, kills B. coli in 5 to 24 hours and infer- 
entially, but certainly, the microbes also of 
epidemic water-borne diseases, for example, 
the typhoid bacillus. He proposed purposely 
to overdose a part of the water with lime so 
as to bring about a known bactericidal effect 
and then, after a suitable interval, to mix this 
portion with enough water, adequately stored 
or sterilized with ozone or hypochlorite, to 
neutralize the excess lime. He states in his 
report that the excess lime is responsible for 
the germicidal action and that if just enough 
lime is used to neutralize the bicarbonate al- 
kalinity of the water, no bactericidal action is 
effected. 

It is noted in looking over the results of 
Dr. Houston’s work that excess lime was indi- 
cated by the red color produced when phen- 
olphthalein was added to the treated water. 
The fallacy of this method of measuring ex- 
cess lime has been stated in a previous para- 
graph and needs no further comment, but we 
suggest that this method of chemical technique 
may have led Dr. Houston to believe that he 
was using a large excess of lime when in real- 
ity he was measuring the normal carbonates 
of calcium and magnesium and not excess 
lime. 


STERILIZING Action Not NECESSARILY DUE 
to Toxic Errecr or LIME 


The results of bacterial tests made on lime 
softened water, containing no excess of lime, 
at the Columbus water softening and purify- 
ing plant during the past four years and also 
the results of numerous laboratory experi- 
ments lead us to believe that the action is not 
necessarily due to the toxic effects of the lime 
but that sterilization is effected when just 
enough lime is used to neutralize all of the 
free and half-bound carbon dioxide in the 
water. Bacteria belonging to the colon or 
typhoid group seem to require carbonic acid 
for their existence and development. If two 
samples of water, one containing carbonic 


acid and the other having no carbonic acid, be. 


inoculated with typhoid or colon bacilli these 

organisms will live in the carbonate water 

but die in the water free from carbonic acid. 
Samples of softened water, containing no 


olphthalein, i.e., turned red when phenolphtha- 
lein was added. 

After introducing carbonic acid into one 
portion the reaction was changed from alka- 
line to acid to this indicator. Both portions 
were inoculated with crude sewage and it was 
found, by test, that 5000 intestinal bacteria per 
cubic centimeter had been introduced into the 
sample. After 48 hours, it was found that the 
alkaline water was practically sterile while the 
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acid or carbonated water contained greater 
numbers of intestinal or sewage bacteria than 
were originally inoculated into the sample. It 
was also found in experimenting with samples 
containing from I to 2 parts per million to 
400 parts per million CO, that the greater the 
charge of carbonic acid, the more favorable 


free from carbonic acid became practically 
sterile in 48 hours’ time. 


STERILIZING RIVER WATER WITH LIME 


Fifty-three 1-gal. samples of river water 
were inoculated with 25 cu. cm. of crude 
sewage, introducing from 3000 to 8000 colon 
bacilli per cubic centimeter and an average 
of 46,000 total numbers of bacteria. The sam- 
ples so treated were vigorously shaken at 30- 
minute intervals for 5 hours and at the end of 
this period the total numbers of bacteria were 
determined and also quantitative lactose bile 
presumptive tests for colon bacilli were made. 
The samples were then allowed to stand for 
19 hours and a second bacterial analysis made. 
After this test was finished the samples were 
vigorously shaken and a third analysis made. 
Over 1000 bacterial tests were made on these 
samples and the summary of the results of 
these tests is shown in Table 4. 

The average total numbers of bacteria pres- 
ent in the lime-treated water was 12,000 per 
cubic centimeter. The results indicate that the 
lime has a selective action. Intestinal bac- 
teria are destroyed but the percentage reduc- 


TABLE 6.—RESULTS AFTER LIME TREATMENT, GIRLS’ INDUSTRIAL SCHOOL 
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the water became as a medium for intestinal 
bacteria. 

In order to show that the use of lime was 
not the essential factor in producing a water 
that would not be favorable for bacterial de- 
velopment, or that the toxic action was due 


TaBLe 7.—ANaLysis oF RAw SEWAGE, MARBLE CLIFF 
PLANT 
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to lime, samples of well water were boiled 
until free from carbonic acid. These boiled 
well water samples showed an alkaline reac- 
tion to phenolphthalein, whereas the unboiled 
samples containing CO, reacted acid to this 
indicator. Both the boiled and unboiled sam- 


tion of total numbers of bacteria is not high. 
Intestinal bacteria are killed and not simply 
removed by the precipitated carbonate, becatse 
the numbers of intestinal bacteria were no 
higher in the samples that were shaken than 
they were in the supernatant samples. Twen- 
ty-four hours’ contact is not sufficient to insure 
sterilization unless the water is treated with 
an overdose of lime. 

Effluents from the sewage disposal plant at 
the Ohio Girls’ Industrial School and from the 
sewage plant at the village of Marble Cliff, 
Ohio, were treated with lime. The sewage 
plant at the Girls’ Industrial School comprises 
septic tank treatment, sprinkling filters and 
slow sand filtration. The Marble Cliff Plant 
consists of septic tanks, coke contact beds and 
coke filters. The analysis of the raw effluent 
from the girls’ school is shown in Table 5. 

Samples were treated with 8.5, 9.3 and 11 
grains of lime. Eleven grains of lime proved 
just enough to neutralize the temporary hard- 
ness and leave no excess lime. 


Taste 8—BacreriaL Resutts Arter Lime TREATMENT, MARBLE CLIFF PLANT 
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Grains per Gal. of Lime Bowens 226 28) 522: > 24 26. "2892 MES O4 5 26m a Mane 26. 23 
10 C.C.. 00006 Ro regan cov Reee me meg a er fA Vo Rh ec pune Mate gums 

Gas | 1 cc: . eee Bw ae ior OR aisle acs Oo - + + + + + Ce 0 
production E/VOK CC < siete + + + 0 + 0 Oo -+ 0 0 0 0 0 oO + 9 
in lactose BAO" C20... <pecee + + + 0 0 0 0 0 0 0 .0 0 0 0 0 0 
bile A500! °C.C.2 cates ar. Gsm oe 0 0 0 0 0 0 0 0 0 0 0 i) 0 
solution TY ASO0 CC. .:Jamtaraes + + + 0 0 Oe} 0 0 0 0 0- 0. 0 0 0 
G:C, . iets + Oo + 0 0 0 0 0 0 0 9 0 0 0 0 0 
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Table 6 shows the bacterial results obtained 
after the lime treatment. 

The results show that ‘excess lime’ is not 
necessary, provided sufficient period of contact 
is allowed. The bacterial analysis of the raw 
effluent from the Marble Cliff Plant appears 
in Table 7. 

The alkalinity of this effluent was 425 parts 
per million and samples were treated with 22, 
24, 26 and 28 grains per gallon. Twenty-two 
grains introduced no caustic alkalinity; 24 
grains, 1.4 grains caustic alkalinity ; 26 grains, 
2.5 grains caustic alkalinity; 28 grains, 4.5 
grains caustic alkalinity. 

Table 8 shows the bacterial results obtained 
after lime treatment. 

When large amounts of organic matter are 
present the action is not complete. 


VIABILITY OF TyPpHoID BactLtti IN LIME- 
SoFTENED WATER AND DousBLE 
DIsTILLED WATER 


Nine samples of lime-softened water and 
seven samples of double distilled water were 
moculated with typhoid organism. Six 
strains of these organisms were used and they 
were obtained from six different laboratories. 


_ 


TABLE 9.—AVERAGE CHEMICAL ANALYSIS OF SAMPLES 


Normal 
Total Bicarb. Alk. Caustic Free 
Alk. Alk. Carb. Alk. CO 
Distilled = HOk ocx... 0 0 0 0 “i 
Lime-softened HO.. 75 3 72 6 Q 


From 70,000 to 100,000 typhoid bacilli were 
introduced into these samples and 24 hours 
after being inoculated the numbers present 
in the distilled water had not decreased, 
whereas the lime-softened water samples had 
become practically sterile. Samples of dis- 
tilled water boiled for 30 minutes (so as to 
free the water from CO,) and then carefully 
cooled so that no carbonic acid would be 
absorbed, were inoculated with typhoid organ- 
isms, and 24 hours after inoculation samples 
were sterile, indicating that although the water 
may be free from organic matter, typhoid 
organisms will live for a time provided the 
water contains free carbonic acid. 

Table 10 shows the results of another series 
of experiments on the viability of B. typhosus 
in lime-softened water. Each day for 9 con- 
secutive days typhoid bacilli were inoculated 
into samples of softened water from the. out- 


let of the sedimentation basins at the Colum- 


bus Plant. 


TazLe 10.—CHeEeMicaL ANAtYvsis In Parts PER MILLION 


2 So Here 
z 8 £ 
3 3 * %= + Bacterial analysis of — 
= = i> o> =e Softened water 
2 oa Se ae inoculated with 
: aque arses aes 6% Softened typhoid bacilli 
o 6 28% 6% YS -water After 
(e) & 2 Zz S&S control Initially 24 hours 
20 47 5 42 0 0 180 0 
21 52 8 44 0 0 20 0 
23 59 7 52 0 0 50 6 
24 58 12 46 0 0 165 2 
25 64 8 56 0 0 390 0 
26 58 2 56 0 ) 360 1 
27 50 +2 48 0 14 3600 1 
2 BG t Oot eADeh A 0 300 0 
29 48 0 48 0 1 3600 0 


From Jan. 7 to 15 the average number of 
B. coli present in the river water averaged 
too per cubic centimeter. From Jan. 7 to 
Jan: 10 lime was used in quantities sufficient 
to soften the water and B. coli were absent in 
I-cu. em. portions of water collected from the 
outlet of the sedimentation basins, and the 
total numbers of bacteria present at 37 deg. C., 
24 hours’ incubation, averaged 96. From Jan. 
10 to 14 no lime was used and during this 
period, when the water was receiving no lime 


treatment, samples from the outlet of the sedi- 
mentation basins showed positive presumptive 
B. coli tests in dilutions of 1 to 25 and thé total 
number of bacteria at 37 deg. C., 24 hours’ 
incubation, averaged 575. Tests again became 
negative for colon bacilli when lime treatment 
was resumed, showing that much better bac- 
terial results can be obtained at the Columbus 
plant when lime is used. 


ADVANTAGES OF LIME TREATMENT 


The intestinal bacteria and pathogenic or- 
ganisms are killed by lime treatment, render- 
ing the water safe bacterially. The water is 
softened and soft water is more satisfactory 
than hard water for practically all purposes. 

When lime is added to a water containing 
calcium and magnesium salts a precipitate of 
calcium and magnesium hydrate is formed. 
The precipitated carbonate is pulverulent and 
is not a very good coagulant, but the precipi- 
tate of magnesium hydrate is gelatinous and 
has about the same coagulating properties as 
the hydrate precipitates of iron and alumina. 
This gelatinous precipitate of magnesium be- 
comes entangled with the precipitated carbon- 
ate, forming a gummy mass that settles very 
quickly. If there is no magnesium present in 
the water, a very small amount of filter alum, 
aluminum sulphate, will prove. effective in 
hastening sedimentation. 

The average turbidity of the river water 
treated at the Columbus water purification 
works for the years 1910, Ig1I and 1912 was 
63 parts per million. After being treated with 
lime, soda ash and alum the water was al- 
lowed to settle for about 12 or 15 hours and 
the average turbidity of the settled water was 
less than 5 parts per million and from June 1, 
1912, to Jan. 1, 1913, the turbidity averaged less 
than I part per million, the settled water be- 
ing so clear that the filters were kept in sery- 
ice on several occasions for a period of 7 days 
without being washed and did not then show 
a negative loss of head. During the summer 
menths, when the raw water shows a high 
average hardness, 250 to 350 parts per million, 
and low turbidity, the clarification is almost 
perfect. 

Turbid waters can be successfully disin- 
fected by softening with lime and then allow- 
ing the turbidity to settle out, along with the 
precipitated carbonates. Turbid water has 
never been successfully disinfected with hypo- 
chlorite because the bacteria embedded in the 
suspended matter are not destroyed. 

The sterilizing action persists indefinitely. 
In a recent paper on water disinfection by 
chemical methods (see Engineering Record, 
Oct. 17, 1912, page 702), Mr. Samuel Rideal 
states the advantage of using chemicals that 
persist in their disinfecting action in the fol- 
lowing words: “It is at the same time a dis- 
advantage if a disinfectant, however power- 
ful in its first onset, is very evanescent, as 
many disease germs are strongly resistant and 
we know that the time factor is of extreme 
importance in sterilization.” 


LIME-SOFTENED WATER FOR SWIMMING Poors 


Since lime-softened water is a poor medium 
for the development of typhoid and colon 
bacilli, it appeals to the writers that for use 
in swimming pools a water treated with lime 
in quantities sufficient to neutralize the tem- 
porary hardness and to introduce 2 or 3 grains 
excess lime would prove to be a very satis- 
factory and safe water for bathing purposes. 

The advantage of caustic water over water 
sterilized with hypochlorite is that the dis- 
infecting action of the caustic persists and if 
the water should become contaminated with 
pathogenic organisms they will soon become 


attenuated and finally die, because there is no 
carbonic acid in the water and carbonic acid 
seems to be-essential for their development, 
whereas, a water’ sterilized by hypochlorite 
might be all right at the time of being pumped 
into the pool, but as soon as all the hypo- 
chlorite has become dissociated the chemical 
offers no resistance to the development of dis- 
ease producing organisms that might be intro- 
duced into the water by the bathers. 


STERILIZATION OF WATER MAINS 


During the recent floods at Columbus, it was 
necessary to stop pumping for a period of 24 
hours on account of a section of 36-in. pipe 
being washed out by the flood water. The 
distribution system was drained and the local 
health authorities advised the people to boil 
the water, fearing that the mains would be- 
come contaminated with surface water. 
Knowing from our experiments that B. colli, 
B. typhosus, B. paratyphosus and _ intestinal 
bacteria will not live long in caustic water 
the method of treatment, after pumping was 
resumed, was as follows (see Engineering 
Record, April 12, 1913, page 304) : 

The water at the plant was treated with 
enough lime to neutralize the temporary hard- 
ness of the water and in addition enough to 
introduce from I to 2 grains caustic alkalinity. 
Samples of water were collected from all parts 
of the city and 24 hours after the water taken 
from all parts of the distribution system 
showed by chemical tests the presence of ex- 
cess lime or caustic alkalinity, the water was 
found to be bacterially pure. This treatment 
is safe, it does not introduce any taste into 
the water and there is no evidence, except by 
chemical tests, to indicate the presence of 
causticity in the water. 


CONCLUSIONS 


1. When enough lime is added to water to 
absorb the free and half-bound carbonic acid 
and to precipitate the magnesium content, the 
bacteria of the colon and typhoid group are 
killed in 48 hours after being so treated, pro- 
vided the water does not contain large quan- 
tities of organic matter. 

2. The germicidal action is effective in 
from 5 to 24 hours when an excess of % to I 
grain per gallon is added beyond that needed 
to reduce the temporary hardness to the low- 
est possible figure. 

3. Intestinal organisms will not live in 
water containing no free or half-bound car- 
bonic acid. 

4. Lime-softened water inoculated with 
typhoid organisms or with crude sewage soon 
becomes free from them. 

5. The action is selective in that certain 
harmless bacteria grow but the disease pro- 
ducing germs do not. 


A Larce Hyprorrectric DEVELOPMENT is 
now in course of construction in the district of 
Catalonia, Spain, by the Barcelona Traction, 
Light & Power Company, organized under the 
laws of the Dominion of Canada, with a capi- 
tal of $25,000,000 and a bond issue of $35,- 
000,000 authorized. The company, accord- 
ing to a recent consular report, owns conces- 
sions for the development of water powers on 
the Noguera-Pallaresa and the Segre Rivers 
and has under construction plants which will 
develop a total of 140,000 hp. The first of 
these plants will develop 4000 hp and is located 
near the town of Pobla. The second plant 
is near Seros and will have 56,000-hp capacity. 
The third plant is the most important. It will 
be located on the Noguera-Pallaresa River 
above its confluence with the Segre River 
and which develops 80,000 hp. 
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Permanent Water Supply for Cherryvale 


Bringing Water 6 Miles and Filtering It for a Town of 6000 in Kansas 


Prior to 1903 the waterworks system for 
Cherryvale, Kan., consisted of a few mains 
located in the business district and the source 
of supply a pond at the edge of town, which 
collected the rainfall from a watershed con- 
taining only a few hundred acres. At that 
time the oil and gas boom was approaching 
maximum proportions, and while the quality 
of the city water was so bad it could be 
used for only a few purposes, there was a 
continued shortage. The rapid increase in 
the population made a demand for a more 
abundant and potable supply of water as well 
as extensions to the water mains. 

In this section of Kansas there are no 
ground-water supplies either by means of 
underflow, springs, shallow wells or artesian 
welis. Six miles to the west of Cherryvale 
is the Verdigris River, which is the only 
stream having a flow of water of any pro- 
portions. That this was the only source of 
supply should have been apparent, according 
to the engineers, but for some reason the city 
went 3 miles to the southeast, 9 miles from 
the permanent source of supply, purchased 
80 acres of land and threw an earth dam 
across a dry ravine. The watershed com- 
prised 1700 acres of sandy farm and grass 
land. A steam-pumping plant was constructed 
here, by which water was forced into a stand- 
pipe, and general extensions were made to 
the distribution system. This work was 
completed in 1904 and 1905, and by 1908, 
or as soon as the water became in general 
use over the city, there was another short- 
age. In the latter part of 1910 Worley & 
Black were employed to make a study of 
the water situation and to make a report and 
recommendations. with reference to a _ per- 
manent water supply. 

First an exhaustive study was made to de- 
vise means whereby the existing plant could 
be used as a part of a permanent water sup- 
ply for the city. The land, dam and reser- 


any plan which would not include these would 
mean almost a total loss of this amount to 
the city. The water in the reservoir, except 
for being always more or less muddy due to 
wave action along the shores, which had not 
been riprapped, and to a bad taste at times 
due to decayed vegetation, which grew in 
shallow places, was soft and of fair quality, 
but it could have been made a potable water 
by filtering. 

The studies indicated that the only per- 
manent water supply for.the city was the 
Verdigris River, and it was recommended 
that water be taken at a point 6 miles west 
of town, that an intake, pump house and 
motor-driven centrifugal pumps be installed 
here; a 12-in. force main be constructed 
from the river to an equalizing reservoir 


house and some changes in the pumping sta- 
tion in the city. 


SouRCE OF SUPPLY AND INTAKE 


The intake is located about 300 ft. above 
a riffle which creates a reservoir about Ioo ft. 
in width, 15 ft. average depth and 1 mile 
long. It is built of concrete and has two 
separate compartments, into which enter an 
independent suction main, terminating in a 
foot valve. The foot valve has a number of 
small valves working in a deck. The engi- 
neers state they find this type the only re- 
liable foot valve for this class of work. 
Each compartment is provided with a 2-in. 
line, which is connected to the discharge line 
of the pumps and carries water at a pressure 
of 75 lb. The 2-in. lines terminate in a 


swivel joint so that they can be used in clean- 
ing the foot valves and intake compartments 
of any silt, leaves or débris which may col- 
lect. 

The two independent suction lines join in 


Freservolr- 


Water Well- 
Pumping Sta. 


See in \ /2"Force Main 
BO Valve 


Filter oie i 


; Existing 
Stand Tower 


v 


which was to be built on a hill about 2 miles 
west of town, from which place water would 
flow by gravity to mechanical filters located 
at a convenient point in town; that a steam- 
power plant and pumping station be built in 
conjunction with the filtration plant to pump 
the water into the standpipe and to generate 
current for running the motor-driven pumps, 
6 miles away. 

The report and recommendations were ac- 
cepted and adopted, $105,000 was voted for 


voir, pump house, pipe lines and machinery the improvements, and during 1911 all the 
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a valve well on the 
bank of the river 
and are provided 
with gates so that both or either can be used. 


PUMPING STATION AT VERDIGRIS RIVER 


The pumping station at the river consists 
of a reinforced concrete pump pit, 16 ft. 
square and 30 ft. deep, above which is a 
small brick building. At the bottom of this 
pit are two horizontal, multiple-stage, motor- 
driven centrifugal pumps having rated ca- 
pacities of 750 gal. per minute each. These 
pumps are driven by alternating-current, 220- 
vo:t, 3-phase motors. Motor-driven pumps 
were adopted for the reason that the pumping 
plant is isolated with reference to fuel. The 
flanged cast-iron pipe is provided with valves, 
so that either or both pumps can be operated 
at the same time. Check valves are placed 
in the suction line of each pump and in the 
discharge lines, and a standard relief valve 
is installed in front of the check valves. By 
the extra check valves and the relief valve 
in the force main, the “back lash,’ over a 
distance of 4 miles, is scarcely noticeable 
when the pumps are stopped. 

Manual automatic. starters were provided 
for starting the pumps and motors, which 
would require the presence of the operator 
each time the plant was put into use; how- 
ever, before the plant was completed. a con- 
tract was made with the Cherryvale Electric 
Light & Power Company for furnishing cur- 
rent and labor incident to pumping. The con- 
tract stipulated the insta'lation of remote 
control of the motors and pumps so that the 
plant could be operated from Cherryvale. 
This equipment was not recommended by the 
engineers, and they state that a great deal of 
trouble has been experienced with this remote- 
control operation. The contract ovrovided 
for pumping the raw water from the river 
to town, and again from the filtration plant 
into the standpipe, under an average pump- 
ing head in each case of 200 ft. The con- 
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tract price is 2 cents per 1000 gal. by meter 
measurement for each pumping, which in- 
cludes all labor, tools, small supplies and 
current. 


ForcE MAIN AND STORAGE RESERVOIR 


A 1i2-in. force main of standard cast-iron 
pipe, Class A and Class B, according to the 
working pressure, is provided with air valves 
for the summits and blowoff valves for the 
low points. 

The 1,300-o00-gal. rectangular equalizing 
reservoir is II ft. deep and constructed of 
earth embankment, well watered and rolled, 
and is lined with concrete blocks 6 in. in 
thickness. The reservoir is 107 x 124 ft. in 
plan on the bottom, has banks with 1% to 1 
inner and 2 to I outer slopes and of 6-ft. top 
width. Asphalt joints care for any settle- 


tends over the machinery room situated be- 
tween the basins and filters. 

No unusual features are incorporated in the 
sedimentation basins, each of which is 29 ft. 
long by 18 ft. 9 in. wide and 12 ft. deep. 
The reinforced concrete battered walls are 16 
in. wide at the bottom and g and 12 in. wide 
at the top. Originally water entered an inlet 
chamber at the bottom through a butterfly 
valve, but there was difficulty in operating it 
and it has been removed, regulation now 
being effected by a hand-operated gate valve. 
One around-the-end and under baffle prevents 
streaming of the water straight across from 
inlet to outlet pipe, the latter being located 7 
ft. above the floor and passing on this eleva- 
tion to the filters through the machinery room 
to the pipe gallery between the filters. 

The clear well is 30 ft. in diameter, 18 ft. 


Operating Floor of the Mechanical Filtration Plant 


ment, expansion or contraction of the blocks. 
Incoming water is delivered through a riser 
discharging 6 in. below the high-water line 
on the opposite side from the outlet, which 
is a riser, 3 ft. 4 in. below the surface. There 
is also a valve at the floor level making all 
the storage available. An overflow and drain, 
toward which the surface of the floor slopes, 
are provided. 

An 11,000-volt transmission line carrying 
three No. 8 wires on 35-ft. cedar poles with 
treated butts was built from town to the river. 
The poles are spaced 100 ft. apart. Standard 
cross-arms, insulator pins and insulators are 
used in this work, and all hardware is gal- 
vanized. Step-down transformers were placed 
at the river end and lightning arresters are 
provided at regular intervals. -A_ metallic 
telephone circuit was placed on the poles of 
the transmission line. 

Owing to contracts being entered for fur- 
nishing current, the power house was not 
constructed, but in lieu the filter house was 
enlarged and motor-driven, centrifugal pumps 
were purchased and installed. 


FILTRATION PLANT 


The 5,600,000-gal. filtration pliant consists of 
two 65,000-gal. sedimentation basins, a 50,000- 
gal. circular clear well separate from the other 
structures, and four concrete gravity filters 
covered by a brick superstructure, which ex- 


deep and is constructed of brick laid in cement 
mortar. It is covered with a shingle roof, 
although the original designs called for a 
concrete covering. 

When operating at 125,000,000 gal. per acre 
daily the four filters have a capacity of 
1,400,000-gal. each, but the plant was de- 
signed on the basis of 100,000,000 gal. per acre 
daily, and to operate at this rate for a short 
period only each day to care for the present 
population of 6000, The intermittent opera- 
tion was intended to permit the plant to be 
cared for by one man and to provide capacity 
for future growth. Intermittent running of 
filters was seriously considered, but the engi- 
neers report the results have been satisfac- 
tory. 

Each filter tank is 10 ft. wide by 13 ft. 3 in. 
long and 8% ft deep to the top of the con- 
crete cover outside of the building. A con- 
crete gutter, 9 in. wide across the inner ends 
of the filters, formed by a 6-in. wall in which 
the two cast-iron gutters are set, reduces the 
sand-line dimensions to 10 x 12 ft. 

The wash-water troughs are spaced on 5-ft. 
centers, making the horizontal travel of dirty 
water about. 2 ft. Washing takes place at the 
rate of 12 in. vertical rise per minute, al- 
though the gutters are of sufficient size to 
carry off twice this amount. The weir edge 
is 12 in. above the sand surface and water 
is ordinarily carried 2 ft. above the weirs. 


A standard strainer system of the New 
York Continental Jewell Filtration Company 
consists of 1%4-in. galvanized iron laterals 
tapped into the side of a 6-in. header on 
five 15/16-in, centers. The combined air and 
wash-water strainer heads are screwed into 
the laterals at 534-in. intervals. 

Red Wing sand, 2 ft. deep and having an 
effective size of 0.38 mm and a uniformity 
coefficient of 2.1, is supported by two 5-in. 
layers of gravel, %4 to 34 in. and &% to &% in. 
in size. A pipe gallery 10 ft. wide and de- 
pressed 3% ft. below the filter-floor level has 
the usual complement of influent, effluent, air, 
wash, and drain pipes. For ease of operation 
and neat appearance the hand-operated valves 
are all located on a line 18 in. from the filter 
wall. A Simplex rate controller regulates the 
effluent and loss of head gages indicate by 
electric alarm the time of washing when the 
maximum head of 9g ft. 4 ft. of which is 
negative, has been reached. 


MercHANICAL EQuIPMENT 


A Roots blower, driven by a General Elec- 
tric motor, has a rated capacity of 500 cu. ft. 
per minute working against 3 to 5-lb. pressure. 
A Worthington motor-driven centrifugal 
pump furnishes the wash water. These ma- 
chines and two multiple-stage, motor-driven 
centrifugal high-service pumps are located be- 
low the operating floor at the level of ‘the 
sedimentation basin and pipe gallery floors. 
They are started and stopped by auto start- 
ers on the floor above. 

The high service pumps have rated capaci- 
ties of 500 to 750 gal. respectively and de- 
liver into the distribution system and stand- 
pipe. Either filtered or raw water can be 
pumped, or raw water may be delivered di- 
rectly into the mains from the pumps at the 
river, cutting out the filtration plant entirely. 

On a marble board on the main floor are 
observation glasses for raw and_ filtered 
water, gage for the pressure in city mains, an 
air gage and an eight-day clock. 

Aluminum-sulphate solutions are prepared 
in wooden tanks, located at the basin end of 
the main operating room, and fed by grav- 
ity by an orifice box through a tI-in. lead 
pipe inclosed in a 2-in. wrought-iron pipe into 
the raw water entering the sedimentation 
basin. 

Guarantees for the effluent called for 98 
per cent reduction in bacteria from 3500 bac- 
teria or more per cubic centimeter in the raw 
water. The average number was to be 75 or 
less, when less than 3500 were found in the 
raw water. Wash water was not to exceed 
5 per cent of that filtered. Samples taken on 
July 8, 1912, by Mr. W. C. Hoad, engineer 
of the Kansas State Board of Health, gave 
6000 in the raw and 20 and 8o in the effluent 
for samples taken in the morning. At 2 p. m. 
the raw water showed 3000 and the effluent 
30 bacteria per cubic centimeter. 

The New York Continental Jewell Filtra- 
tion Company had the general contract for 
the filter plant and sublet the concrete work 
to the Texas Building Company of Dallas, 
Texas. The pipe line, river pumping station 
and intake were built by Mr. F. R. Stone, of 
Lima, Ohio. Worley & Black, of Kansas 
City, were the consulting engineers. 


A State Hicuway System aggregating 
7200 miles of county roads so designated as 
to form interconnecting routes has been sub- 
mitted for approval to the various county 
boards by the state highway engineer of 
Minnesota. About $3,500,000 a year will be 
expended on these roads, if the plan receives 
the endorsement of the counties. 
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Comparative Economy of Producer Gas and 
Steam for Pumping Stations 


Unit Costs Derived from Records Covering Five Years’ Operation at Two Plants 


Little has been printed as to the compara- 
tive economy of producer-gas motive power 
for such purposes as have until fairly recently 
relied almost exclusively on steam power. 
Pumping stations are included in this category. 
An opportunity to compare the two types un- 
der similar conditions has been afforded by the 
records of the last five years at the producer- 
gas plant of the Delaware Water Company 
and the steam plant of the Octoraro Water 
Company, both near Philadelphia. In a paper 
read before the Engineers’ Club of Philadel- 
phia, Mr. J. E. Gibson, principal assistant en- 
gineer of the American Pipe & Construction 
Company, describes each plant, analyzes the 
operating and fixed charges, and derives unit 
figures. An abstract follows. 


Propucer-GAS PLANT 


The Delaware Water Company supplies 
water to the Philadelphia, Baltimore & Wash- 
ington Railroad at its new shops and yards at 
Edge Moor and other points as far south as 
Newark, Del. Its pumping station is located 
at the head of tidewater on the Christiana 
Creek. The water flows from an impounding 
reservoir through an intake chamber, where 
coagulant is fed, thence through a 16-in. main 
to a 500,000-gal. sedimentation basin; from 
here it flows to the main suction well, where 
additional coagulant is added when found 
necessary. The pumps lift the water from the 
suction well and discharge it through mechan- 
ical pressure filters to the standpipe and stor- 
age reservoirs of the railroad company. 

The building for the plant is a 44 x 130-ft. 
brick structure. Immediately to the rear of 
the producer room, at the elevation of the 
second floor, is located the coal storage bin. 
Coal is hauled from the railroad by wagons, 
which drive upon the roof and dump their 
loads through coal holes into the bin. In- 
dustrial tracks are laid in the bays of the bin 
on a slightly descending grade to the producer- 
room charging floor, thus dispensing with any 
form of elevator. The ashes are taken from 
the producer at the lower floor and wheeled to 
the ash bin. 

As installed, the gas-producer plant consists 
of two complete units. Each unit is equipped 
with a full set of manometers and a positive 
type of pressure blower for blowing up fires. 
This blower is belt-driven from a small water 
motor, or, in case of insufficient water pres- 
sure, it can be operated by a hand crank at- 
tached to the extended shaft of the motor. 
The producers are of the standard suction 
type and rated at 110 hp. The gas passes from 
the purifiers through a 16-in. main into the 
engine room, where the branches are taken off 
to supply the engines, the far end of the main 
being provided with an opening to the at- 
mosphere. In starting the plant the purge 
valves at the producers are closed and gas is 
blown through the gas main and out of this 
bleeder until all of the air is displaced by gas. 


ENGINES AND Pumps 


There are two three-cylinder, single-acting, 
vertical Westinghouse gas engines, the cylin- 
ders being 13 in. in diameter and having a 
12-in. stroke. Each engine is rated at 89 
brake hp when operating at 290 r.p.m. The 
engines as installed are actually operated at 
265 r.p.m. with a proportionate loss of power. 

Each engine has its crank shaft direct-con- 


nected to the pinion shaft of a single-acting, 
triplex Deane pump with a 13-in. cylinder and 
15-in. stroke. Each pump, when running at 
44.1 r.p.m., has a capacity of 1,640,000 gal. 
per twenty-four hours. The pumps are fitted 
with large suction and discharge air chambers, 
relief valves and starting valves. 


AUXILIARIES 


Each pump has an independent suction pipe 
to the suction well, and discharges through a 
16-in. connection to the 16-in. main discharge 
pipe. As the discharge takes place at times 
through a main 15 miles long, a large steel air 
chamber has been installed at the back end of 
the discharge main. This air chamber is 60 


not pay to purchase anything but the best 
grade of white-ash non-clinkering coal, which 
must also be of a uniform grade so far as 
size is concerned. 


STEAM PLANT 


The steam station of the Octoraro Water 
Company is located about 3 miles south of 
Quarryville on the west branch of Octoraro 
Creek. The stream is generally very clear and 
free from suspended matter. A masonry in- 
take dam across the stream forms a small pool 
and diverts the water to a suction well. 

This plant is housed in a stone building 50 
x 87 ft. .The coal bin is located at the end of 
the boiler room and is connected therewith by 
a covered passage. Coal is shoveled into the 
bin through openings in the side walls of the 
building, the roadway around the coal bin 
being properly elevated to eliminate lifting of 
the coal in shoveling it. 

The boiler plant consists of three horizontal- 


TaeLEe 1.—OPeERATING CHARGES FOR THE LAst Five YEARS 


1908 1909 1910 1911 1912 
3 -—Plant—, Plant—, cr Plant-—, Plant, -——Plant——\ 
Item Gas Steam Gas Steam Gas Steam Gas Steam Gas Steam 
Bttelaicerie sucess was $609.22 $3,497.78 $641.51 $3,953.50 $1,173.58 $4,098.81 $1,474.40 $4,167.30 $1,796.35 $4,418.07 
Dil, waste and packing 180.62 182.38 195.58 168.90 333.33 128:93 $227.57 201.88 200.64 202.70 
Building and machin- Z 
ery Tepdirs........ 100.64 103.83 280.07 14.00 418.73 245.97 251.06 542.87 416.19 603.83 
Pumping station wages 1,501.67 2,529.60 1,853.06 2,412.15 2,276.03 2,309.88 2,518.27 2,180.00 2,507.89 2,382.82 
Miscell. expenses.... 75.09 192.59 URS) 107.09 143.18 81.11 183,90 146.03 274.81 197.30 


Total per annum. . .$2,367.26 $6,506.18 $3,103.97 $6,655.64 $4,344.85 $6,864.80 $4,655.20 $7,238.81 


$5,195.88 $7,804.72 


in. in diameter by 12 ft. high and is charged 
with air from the small air compressors used 
for starting the engines. 

The four filters are of the pressure mechan- 
ical type, 8 ft. in diameter by 25 ft. long, nom- 
inally rated at 500,000 gal. each. The dis- 
charge main is a compound pipe composed of 
two sections, the first 2.9 miles being a 12 and 
a 16-in. pipe and the remaining 12.1 miles a 
single 20-in. pipe. All water pumped is 
measured by a Simplex Venturi meter. 

For the first year or so only one pump was 
operated, and for only a portion of the day, 
but now the consumption has reached that 
point where it is found advisable to operate 
one pump continuously and the second pump 
several hours each day. Accurate daily rec- 
ords are kept of all operating conditions, such 
as coal consumed, water pumped, oil used, 
amount of water flowing over the dam, etc. 

The cost of the plant proper was as follows: 
Land, $5,000; building, $33,750; gas-producer 
plant, $13,000; pump, $7,250; piping and other 
auxiliaries, $4,500—total, $63,500. This gives 
unit costs of $392 per brake horsepower, or 
$1,925 per million-gallon capacity per twenty- 
four-hour day. These figures are exclusive of 
the cost of the filters, which was $13,750. 

A good grade of pea coal is used, costing 
$5.10 per long ton, it being found that it does 


return tubular boilers 60 in. in diameter and 
18 ft. long, each boiler having 1020 sq. ft. of 
heating surface. They were designed for a 
working steam pressure of 140 lb., and are 
connected to an 108-ft. stack. 


ENGINES AND PUMPS 


There are two horizontal cross-compound 
condensing Wetherill Corliss engines with 30- 
in. stroke and cylinder diameters of 18 and 32 


TaBLE 2.—CoMBINED FIXED AND OPERATING CHARGES: 


Year Gas plant Steam plant 
LOO8'S 3s as tiegeds ate ec ce aeons $10,658.26 $17,978.18 
Otte casa suiccia ho o Boerne 0 OLS 11,394.97 18,127.64 
[SLO Fe crerentererrsteistetekectie ote ralorterr ane 12,635.85 18,336.80 
BOSH iy Ree tere heer rs orca MGIC ISCO © 12,746.20 18,710.81 
{OGD Se a a ate an eee toler tals leet 13,486.88 19,276.72 


in. They drive two horizontal, double-acting 
inside-packed plunger pumps, with plungers 
of 1o-in. diameter and 30-in. stroke, designed 
for a working water pressure of 150 lb. per 
inch. The engines were designed to run at 
from 55 to 60 r.p.m. and were rated at 
3,000,000-gal. capacity when running at the 
lower speed. On account of the high piston 
speed—300 ft. at 60 r.p.m.—the valve area of 
the pumps was made 173 per cent of the 
plunger area, and large suction and discharge 
air chambers were provided. 


Taste 3.—Cost oF Pumpine 1,000,000 Gar. 100 Fr. AicH 


A. 1908—, _ - 1909, -1910-—_, m——1911-—, ——1912-—~ 
FIxep CHARGES Gas Steam Gas Steam Gas Steam Gas Steam Gas Steam 
Management srr acitas te. «csi aieme $0.995 $0.491 $0.589 $0.482 $0.318 $0.415 $0.301 $0.407 $0.293 $9,376 
Supetintendence 22.0). . se = sere 4.590 2.265 2.715 2,215 1.465 1.908 1.381 1.875 1.345 1,741 
Depreciation ees ee 5) ae ee 8.440 4.895 5.000 4.790 2.695 4.120 2552. 4.050 2.480 3.755 
Siikine fundies shawa's sos scone 5.200 3.180 3.089 3.120 1.658 2.685 1.569 2.645 1.522 2.498 
DINtSESH Gk, ceesyeictea oistits [ons 21s oe 20.400 15.970 12.080 15.620 6.500 13.440 6.150 13.230 5.980 12.270 
UmSUNANI CES Rate iicie.s hls. 0.600. acer .379 -615 .224 -602 121 reels) 114 -509 Bt ait 473 
PANGS! Piri pec alt cates derely, 2b we E313 -803 787 788 .418 693 .396 -666 -400 -618 
(Wolbellaerasherristiee sale ard aio (eee $41.317 $28.219 $24.475 $27.617 $13.175 $23.780 $12.463 $23.382 $12.131 $21.731 
OPERATING CHARGES 
LG RN ER Gar ORO OIOIS oro 2.615 2.410 1.441 2.698 1.291 2.425 eays 2.510 1.860 2.305 
Oil, waste and packing.......... 0.775 -126 -439 als -366 .076 .232 .126 .208 106 
Pumping station wages.......... 7.490 6.210 5.470 5.825 3.615 4.790 3.787 4.450 3.670 4.520 
Machinery repairs and building. . 432 .072 -631 -0095 461 -146 -256 -327 431 315 
Miscellaneous expenses.........- .322 mules) .300 .0735 .157 .048 .188 .O88 -285 103 
Petal pristeetkc wich vd ss <a nee $11.634 $8.951 $8.281 $8.721 $5.890 $7.485 $5.968 .$7.501 $6.454 $7.349 
Grand totals srath 3,55, cheno $52.951 $37.170 $32.756 $36.338 $19.065 $31.265 $18.431 $30.883 $18.585 $29.080 


Average cost of pumping 1,000,000 gal. 100 ft. high, gas = $28.36 
Average cost of pumping 1,000,000 gal. 100 ft. high, sveam = $32.95. 
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Each engine is equipped with a surface con- 
denser located in the suction pipe to the main 
pumps, and a 7 x 12 x I5-in. independent hori- 
zontal single-cylinder, double-acting air pump. 
Two 7% x 5 x 6-in. feed pumps supply water 
to the boilers. The exhaust steam of all 
auxiliaries is piped to a 500-hp Cochrane 
heater. In all details the steam piping is com- 
plete, special care having been taken to pre- 
vent accidents. 

The engines have independent suction pipes 
to the suction well located just outside of the 
engine room. No foot or check valves are 
used, but each air pump is connected with its 
respective suction air chamber of the main 
pump so that suction pipe, condenser shell and 
suction chambers are entirely exhausted of 
air and full of water before the engine is 
started. The discharge main is 16 in. in diam- 
eter and 2.21 miles long. All water pumped 
is measured by a 16-in. Simplex Venturi meter. 
Usually one pump and two boilers are in use. 
The number of hours the plant is operated per 
day varies with the changing consumption and 
the amount of water pumped by the water- 
power stations. This latter amount depends 
entirely upon the flow of the creek. Accurate 
daily records are kept of all operating condi- 
tions as in the Delaware plant. 

The cost of the plant was as follows: 
Land, $5,000; building, $32,875; complete me- 
chanical plant, $39,850; total, $77,725. This 
gives unit costs of $190 per brake horsepower, 
or $1,210 per million-gallon capacity per 
twenty-four-hour day. 

The best grade of bituminous coal from the 
- South Fork region is used, costing $4.40 per 
long ton, delivered. This coal is high in car- 
bon, low in volatile matter and is one of the 
best steaming coals mined in Pennsylvania. 


Datty ReEcorps 


As before stated, complete daily records of 
operating conditions were kept at the pumping 
stations. These included fuel consumed, daily 
pumpage, total pumping head, number of 
hours in operation, steam pressures, vacuum, 
revolutions of engines, feed water pumped to 
boilers, oil waste and packing used, supplies 
received and operating force employed. 

The operating expenses may be divided into 
five general headings: (1). Fuel; (2) oil, 
waste and packing; (3) pumping-station 
wages; (4) building and machinery repairs, 
and (5) miscellaneous expenses. These ex- 
penses are easily obtained from the companies’ 
books, but there are other expenses, such as 
Management, superintendence, depreciation, 
sinking fund for- retiring the bonded debt, in- 
terest, insurance and taxes. The overhead 
and fixed charges cannot be accurately deter- 
mined, as the accounts include pipe lines, re- 
servoirs, standpipes and other pumping sta- 
tions, and therefore they have been merely 
estimated. 


FIXED CHARGES 


Under the heading of management is in- 
cluded the legal organization of the company 
consisting of a president, a secretary-treasurer 
and a board of three directors. The president 
and treasurer each receive $1,000 per year for 
their services, and the directors each receive 
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$10 per board meeting. Assuming that the 
board meets once each month this charge 
would amount to $360 per year, or a total of 
$2,360 for management. This amount covers 
the entire system. The amount chargeable to 
mechanical plant is necessarily very small but 
is arbitrarily taken at $200 per year for each 
company. 

Under superintendence is included the 
salaries of the superintendent and his office 
assistants, stationery, postage, telegraph, tele- 
phone, office rent, livery and other incidental 
expenses. These items are figured as follows: 
Superintendent’s salary, $2,500; bookkeeper 
and clerk, $1,200; stenographer, $500; office 
rent, including heat, light and water, $300; 
postage, $100; telephone and telegraph, $170; 
stationery, $250; livery and miscellaneous ex- 
penses, $500; total, $5,520, of which amount 
one-sixth, or $920 per year, has been charged 
to the mechanical plant. 

In depreciation is considered only the me- 
chanical plant and its housing. For the steam 
plant average lives of 20 years for the me- 
chanical plant and 35 years for the building 
are figured. For the gas-producer plant only 
15 years are allowed for the mechanical plant 
and 35 years for the building. Setting aside 
at the end of each year sums which at 4 per 
cent compound interest will at the expiration 
of the life of each plant amount to its first 
cost, the sums for the Delaware plant are 
$1,236 for the mechanical plant, exclusive of 
filters, and $458 for the building, or a total 
of $1,694. Similar figures for the Octoraro 
plant are $1,340 for the mechanical plant and 
$447 for the building, or a total of $1,787. 

The sinking fund, figured upon a 4 per 
cent basis and a 30-year life of bonds, amounts 
to $1,043 for the Delaware plant and $1,297 
for the Octoraro plant. The annual interest 
charge, taken at 7 per cent, amounts to $4,095 
for the Delaware plant and $6,491 for the 
Octoraro plant. 

Both plants are fully equipped with fire- 
fighting apparatus and thereby receive the 
benefit of the lowest insurance rates for iso- 
lated plants. This amounts to $66 per year 
for the Delaware plant and $90 per year for 
the Octoraro plant. The boiler and liability 
insurance is taken at $160 per year for the 
Octoraro plant. The Delaware plant has no 
boiler plant and therefore only liability insur- 
ance is carried, costing $10 per year for 
$10,000 insurance. The total insurance 
charges are therefore $76 for the Delaware 
plant and $250 for the Octoraro plant. 

Taxes amount to $263 per year for the Dela- 
ware plant and $327 for the Octoraro plant. 
Summing up all of these fixed charges, they 
are found to amount to $8,291 per year for 
the Delaware plant and $11,472 for the Octo- 
raro plant. 


EXPLANATION OF TABLES 


Table 1 gives the operating charges at each 
plant for each of the last five years. Table 2 
includes the fixed and overhead charges 
summed up in the previous paragraph. Table 
3 gives the comparative costs of pumping 
1,000,000 gal. of water 100 ft. high by the 
two systems, taking into account the heads 
against which the water is pumped at the two 
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plants. The figures for all of the fixed- 
charge items, and for the pumping-station 
wages, were obtained by dividing the annual 
cost for the item by the actual number of 
million gallons pumped for the year, as these 
charges were independent of the pumping 
head. The remaining items were obtained by 
dividing the annual cost by the equivalent 
million gallons pumped too ft. high per year. 

The average costs for pumping 1,000,000 
gal. 100 ft. high for the five-year period are 
seen to be $28.36 for the gas plant and $32.95 
for the steam plant. This is equivalent to 
$56.80 and $68.50 respectively per horsepower 
for twenty-four-hour power delivered to the 
customer, or, stated another way, it is equiva- 
lent to 0.88 and 1.05 cents per kilowatt-hour 
for the steam and gas plants respectively. 

In conclusion Mr. Gibson believes that while 
the local conditions, nature and cost of fuel 
available, etc., must enter into every discus- 
sion as to the kind of power to be adopted for 
a proposed plant, the use of gas has a much 
wider field than has heretofore been ac- 
corded it. 


Hauling Submerged Water Main 
with Steam Winch 


Since the water-supply system of Van- 
couver, B. C., was first inaugurated a total of 
sixteen 12 and 18-in. submerged mains have 
been laid across Burrard Inlet to bring water 
to the city from the mountainous slopes of the 
opposite shore. All of these mains have been 
drawn under the water after the pipe had been 
assembled, in lengths varying from 1000 to 
1300 ft., by steel cables arranged in various 
ways and operated by steam or horse power 
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Cable Fastening 
Clamp and Cable Fastening 


There have been many unforeseen elements, 
however, entering into the problem of hanl- 
ing the mains which often gave serious 
trouble—tackle has been broken, 1%-in. cables 
snapped, or even lengths of the pipe cracked 
in landing, so that expensive repairs by divers 
were necessary. 

The most recent extension to the water- 
supply system called for an 18-in. main across 
the Second Narrows, and this was put in place 
on July 25. Steps were taken to profit by all 
earlier experience, and careful provision was 
made for each element that has heretofore in- 
terfered with the successful completion of the 
work. As a result the rooo-ft. length of the 
new main which lies below low-water line was 
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successfully drawn from shore to shore in just 
four hours’ actual hauling time. 

The pipe was assembled on the north shore 
and drawn across by a 30-hp logging engine 
located on the south side some 400 ft. back 
from the high-tide line and about 100 ft. above 
Water level. Between the engine and the 
water a platform was constructed to keep the 
tackle free and carry it over the tracks of 
the Canadian Pacific Railway. On the north 
shore a chute was built over the tidal flat to 
low water line, and of sufficient length to allow 
the full length of pipe to be assembled upon 
it. Each length of the pipe was first tested at the 
place of manufacture to a pressure of 500 lb. 
per square inch and, after it was delivered on 
the ground, to a pressure of 300 lb. per square 
inch and was then placed in the chute, 112 
lengths in all being required. After all the 
pipe was connected up in the chute a final pres- 
sure test of 210 lb. per square inch was given 
the whole line. Under the end of each length 
a wooden shoe was placed to facilitate its 
movement along the chute and provide access 
for the calking of the lead joints. The pipe is 
provided with ball-and-socket joints, which 
give the flexibility necessary for adjusting it- 
self to the contour of the ground below water, 
thus preventing any suspended sections. The 
maximum angle of deflection for any two ad- 
jacent lengths is 19 deg. Each length weighs 
about 35co lb. and has an effective length of 
Oyetts 

The arrangement of tackle for hauling the 
main is shown in the accompanying drawing. 
It will be noted that the cable attaches to the 
pipe at four points and that the stress at these 
points is rendered the same by the equalizing 
sheaves at the head end. The arrangement of 
the hauling tackle and platform lengths was 
such that the pipe could be moved 125 ft. for 
each new grip of the clamps at the end of the 
bridle. During the hauling these clamps were 
moved eight times, thirty minutes being suffi- 
cient in each case for advancing the pipe 125 
ft. and renewing the grip of the clamp. 

Both ends of the pipe line were plugged, 
and a stuffing box was used for the forward 
bolt to pass through, but to still further guard 
against entrance of water, which might get in 
through leaks at joints, an air hose was tapped 
into the rear plug, and an air pressure of about 
40 lb. maintained during hauling. Keeping the 
pipe free of air meant lessening the necessary 
pull by 57 tons, but in order to provide for 
contingencies, the tackle was made sufficiently 
strong for moving the pipe when full of water. 
It was calculated that the hauling weight 
would be apportioned as shown in the table: 


DistRIBUTION OF WEIGHT 
. . . cheer Tons 
Total weight of pipe (filled with water and joints 


leaded): 29 Sikes cnaietenteiaere e chetatele wales Geeta 270 
Water displacement | <iarien -ccvverm sclneielspaeys'x\apte caeenane 85 
Effective: weight of: pipe iline wee seme eee eae 185 
Effective weight of cables and fastenings........... 

} 190 
Estimated coefficient of friction...........sseeeeees 0.7 
Total pull required sc crm. os.cie ss siete eaters 133 
= Log Trop jp (amp 
SS Tackle Flattorra 


Dead Ma, 


The work was performed under the personal 
supervision of Mr. H. M. Burwell, of Van- 
couver, B. C, 


Automatic Chemical Feeder 


An automatic type of chemical feeder has 
recently been tested at the hydraulic labora- 
tories of the University of Illinois by the 
patentee, Mr. Ralph Hilscher, an engineer 
with the Illinois State Water Survey. The 
apparatus works in conjunction with a Ven- 
turi meter and depends for its action directly 
on the decreased static head at the restricted 
section. 

Referring to the sketch, the device consists 
of a box divided into two compartments by 
a wall which extends from the bottom to 
within a short distance of the top. At the 
top of this wall is pivoted a horizontal arm, 
from which are suspended two floats of equal 
dimensions, one in each compartment, and at 
equal distances from the pivot. The arm in 
compartment B extends beyond the float and 
connects with a balanced valve on the end of 
a feed pipe, which supplies chemical from a 
supply tank. The valve is so made that when 
the float in B falls below the float in A the 
downward movement of the arm will cause 
the valve to open and admit chemical solution 
to compartment B. 

Connecting compartment B with the reduced 
section of a Venturi tube is a pipe in which 
there is an adjustable valve. Another pipe 
connects A with the full section of the Venturi 
tube. The Venturi tube is inserted in the pipe 
to which it is desired to feed the chemical. 

When a flow of water occurs through the 
Venturi tube unequal pressures at the full and 
reduced sections will tend to make the levels 
in A and B different, that in B being lower. 
This difference in pressure, represented by h, 
is proportional to the square of the rate of 
flow through the Venturi tube and, if utilized 
to force chemical solution through an orifice, 
will produce a flow through that orifice di- 
rectly proportional to the flow in the main. 


The adjustable valve acts as an orifice in this 


Tests oF AUTOMATIC CHEMICAL FEEDER 


3 
ee Le g 
ee) ee as 
as 62 Sepsis ae Bene 
2s OS an @ 85 SgEs 
= teal geug ss wed 
ge CO Cee oe Cree 
639 214 339 113 +6.2 
726 208 6 30 112 +3.2 
682 190 5 12 13h —5.8 
1495 186 10 11 146 —7.7 
1382 210 17 10 80 +4.3 
hare seia ls 202 
1620 5.85 277 9 20 174 +1.8 
1014 3.80 267 18.55 54 —1.8 
Average........ 272 
1294 2.98 434 19 30 66 —0 32 
1680 3.94 426 10 00 168 —2.1 
1355 3.04 445 14 30 93 +2.3 
Averagé.......- 435 
1365 3.55 384 13' 30) 101 —4.8 
1506 3.58 420 26 00 58 +4.0 
1653 4.07 407 10 00 165 +0.8 
Average........ 404 
1000 G% (Sise erci------ 
.s 2 
Lowlde5 _ 2-/4Cable 


device and the desired effective head on it 
is established by building up the level in B 
equal to that in A. As already explained, 
these two levels are kept the same by the float 
arrangement. ; 

Referring to the test sheet, the figures are 
for four different tests, each with a different 
size of opening of the adjustable valve. The 


X Adjustable Valve 


Diagram of Chemical Feeder 


first column contains the quantities of water 
treated, measured in a large tank at the end 
of each run. Column 2 contains the corre- 
sponding quantities of solution fed by the ma- . 
chine, determined by measuring the drop in 
the supply tank. Column 3 gives ratios of 
column 2 to I, and these figures should all be 
the same theoretically for a given size of ori- 
fice. The ratios are averaged for each test, 
and in the sixth column are given the per 
cents by which the various ratios depart from 
the average. By reference to the fifth column 
it will be seen that rates at which water was 
treated varied by about 300 per cent. 


ERECTING THE PaskEy BrincGE over the lower 
Ganges at flood stage involves some unusual 
work, which has so far been safely executed, 
according to “Indian Engineering.’ The 
bridge has several long spans, which, over 
the deep channel, are to be erected on a mov- 
able 870-ton falsework span. The shallow 
water spans are erected on ordinary wooden 
falsework. The last piece of steel for the 1200- 
ton end span was received May 20 and the last 
piece of the falsework span May 29. The 
flood season was approaching and the erection 
of both spans was immediately commenced. 
Unprecedented rains produced a sudden flood, 
which commenced on June 15, and on June 
18 submerged the wooden falsework. The 
falsework span was riveted up and swung June 
14 and the permanent span was assembled and 
swung without rivets on June 17. The 60,000 
rivet holes in the latter were 60 per cent filled 
with service bolts and 40 per cent filled with 
drift pins, notwithstanding which the deflection 
was 4 in. less than had been calculated. 
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Section across River, Showing General Scheme of Hauling the Pipe to Place at Vancouver, B. C. 
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Construction of Arrowrock Dam 


Cement Is Conveyed to Mixer by Compressed-Air Pipe Line and 
Concrete Placed by Hoppers and Trough Suspended from Cableway 


The Arrowrock dam, the principal engineer- 
ing feature of the Boise project of the U. S. 
Reclamation Service in Idaho, is famous for 
its great height—351 ft. above foundations— 
and has been described in several articles in 
the Engineering Record. -Concreting has been 
in active progress for some time past and the 
following notes and pictures, taken from an 
article by Mr. M. G. Doll in “Mine and 
Quarry,” indicate the present condition of the 
highest masonry dam in the world. 

The dam is being constructed to form a 
reservoir for conserving the water of the 
Boise River, which will be used, together with 
water from the Deer Flat reservoir, as a late 
season water supply for irrigating about 
240,000 acres of land in the Boise Valley. 
When the dam is completed it will form the 
outlet for a reservoir with a storage capacity 
of 230,000 acre-ft. 

The water from the Arrowrock’ reservoir 
will be discharged into the Boise River, in 
which it will continue for about 15 miles to a 
point 8 miles above the city of Boise, where 
it will be diverted by a dam into the New York 
Canal, and thence distributed by small canals 
and ditches over the acreage to be irrigated. 


LocaTION 


Several sites for the dam were available. 
After a thorough general investigation with 
Sullivan diamond drills the site at Arrowrock 
was chosen. Sixty holes were put down to a 
sufficient depth to show solid cores from bed- 
rock 30 to 50 ft. in length. These bore holes 
revealed the fact that at this particular place 
the greatest depth to solid rock—in this case 
a good quality of hard granite—was about 90 
ft. below the bed of the river, with an aver- 
age depth of 65 to 70 ft. over most of the area. 
The overlying material consisted of sand, 
gravel and boulders. The walls of the canyon 
are fairly narrow, with a steep granite cliff on 
the north side, and a less precipitous slope cov- 
ered for some distance by a cap of lava rock 
rising 20 to 50 ft. above the water surface on 
the south side. 

On account of the vast amount of material 
necessary for the construction of so large a 
dam, and the long haul, the first step was to 
build a railroad from Barberton, where a con- 
nection is made with the Oregon Short Line 
Railroad to Artowrock, a distance of 17 miles. 
It was completed.on Nov. 9, 1911, and daily 
train service was started on Dec. 20, IgII, 
from Boise to Arrowrock. This is the only 
standard-gage railroad in the United States 
operated by the government. 


Diversion Works 


During the summer of Igtt work was 
started on ‘the camp and diversion works, 
which were to take care of the river flow dur- 
ing the construction period. (See Engineer- 
ing Record, April 6, 1912, page 368.) The 
diversion works consist of an upper cofferdam, 
diversion tunnel and lower cofferdam. The 
upper cofferdam is about 200 ft. long and 35 
ft. high, built of timber cribs filled in with 
rock, gravel, and with fine material sluiced 
into the crevices. A sheet-piling cutoff is used 
with the cribs. This cofferdam turns the flow 
of the river into the diversion tunnel. The 
lower cofferdam, which protects the workings 
from the water, leaving the diversion tunnel 
below the excavation, is about 150 ft. long and 
25 ft. high. The construction is the same as 
that of the upper cofferdam. In order to take 


care of seepage, electrically driven belted 
centrifugal pumps of various capacities are 
mounted on cars 24 ft. long, that run on an 
inclined track with an 8-ft. gage. As the ex- 
cavation progresses and the water level is re- 
duced, these cars may be raised or lowered by 
means of a small hoist at the top. 

The diversion tunnel is 30 ft. wide, 25 ft. 
high, and 500 ft. long, and was driven its en- 
tire length in very hard, solid granite, under- 
neath the lava cap, on the south side of the 
river. 

The entrance to the tunnel is through a 
carefully designed bell mouth, so as to avoid 
all eddy currents and cross-currents. Every 
effort was made to effect as smooth and sym- 


1000 tons. Outlets will be provided at several 
elevations, so that it will not be necessary to 
operate the gates under any very great head 
of water at any particular time. Provision is 
also being made for power facilities if it should 
be decided to develop power «at a later date. 


SPILLWAY 


The spillway is being constructed at the 
north end of the dam, and will have a carrying 
capacity of 40,000 sec.-ft.; this will require 
excavation of about 350,000 cu. yd. of solid 
granite, which is being removed in benches. 
The spoil is loaded by a steam shovel into 
ordinary dump cars hauled by dinkey engines. 
The surplus water will enter the spillway over 
a concrete lip about 4oo ft. long, which will 
be built at right angles to the line of the dam, 
the line of the lip following the line of the 
ground contour. The water will fall over this 
lip into a concrete-lined trench, which runs 
parallel to the lip. It will then be carried be- 


Completed First Section of Dam, with 


metrical an entrance as possible to secure a 
maximum velocity of 30 ft. per second of the 
water through the tunnel. The outlet to the 
tunnel is also a carefully designed bell mouth 
so as to save head as the water passes to the 
river below. 

The roof of the tunnel is arched, with the 
top 10 ft. above the springing line. The sides 
are vertical. 


DIMENSIONS OF DAm 


In design the dam is a normal, gravity sec- 
tion type, but the factor of safety is increased 
by giving it a curve in plan, with a radius of 
curvature of 662 ft. The length of the crest 
is 1060 ft. and the height 351 ft. above founda- 
tions. The dam is 16 ft. wide at the top and 
at the base 240 ft. It covers about an acre. 
The concrete in the dam will be about 530,000 
cu. yd. The dam proper is being constructed 
of rubble concrete, containing as many boul- 
ders as can be incorporated economically and 
without delay to the work, or about 20 per 
cent of the entire mass. The concrete mix- 
ture is about 1 part sand-cement, 2% parts 
sand, 5 parts gravel and 3 to 4 parts cobble- 
stones, in which the boulders will be imbedded. 

The gates and accessories will weigh about 


Concrete-Mixing Plant in Background 


yond the end of the dam and allowed to cas- 
cade over the granite cliffs to Deer Creek, 
which will then carry it back into the river 
below the dam. 

The design of the dam is such that water 
may flow over it without danger to a depth of 
3 ft., so that in cases of exceptional flood, too 
great to be taken care of by the spillway, the 
upper set of outlet gates may be used to take 
care of an additional 15,000 sec.-ft. of flood 
water. 

Dam COoNSTRUCTION 


On account of the size and great depth of 
the excavation necessary for the dam, it was 
out of the question to use sheeting and braces 
for holding the sides. Excavating for and 
constructing small sections of the dam inde- 
pendently was objectionable because of the 
slower progress, the greater expense, and the 
added danger of being flooded out if the work 
below the water level was extended over too 
long a period. 

To overcome these difficulties it was decided 
to excavate a sufficient space over the river 
bottom to permit of the construction of a por- 
tion of the upstream face of the dam entirely 
across the river. This portion was to be of 
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Upstream View of Diverting Tunnel and Appurtenant Structures at the Dam 


sufficient size to serve as a gravity section, and 
with the top about 20 ft. above the present 
high-water mark of the river it would give 
additional protection against floods, and also 
would cut off all seepage from the upstream 
side of the excavation during the remainder of 
the construction period. 

In order to prevent leakage in the founda- 
tion of the dam, a line of holes was drilled, 
just inside the line of the upstream face, 30 
to 40 ft. in the solid granite. (These holes were 
drilled with Sullivan Class “UF-2” (3%-in.) 
drills mounted on “U-6” tripods.) These holes 
were grouted under pressure, but the rock was 
so solid that it showed no indication of taking 
the grout. 


DRILLING AND GROUTING FOUNDATION 


A line of holes was also drilled just down- 
stream from the grouted holes. These were 
led up through the dam structure, and will be 
carried into a large inspection tunnel, that will 
run the entire length of the dam, just above 
normal high-water surface of the backwater. 
This inspection tunnel will be about 30 ft. high, 
and wide enough to permit the operation of 
grouting or drilling equipment. These open 
holes will be used as weep holes, and should 
they show any indication that the foundation 
requires further treatment at any place after 
the reservoir is filled, drilling and grouting 
may be carried on in the tunnel. 

The large deep blast holes, both in the spill- 

way and in the keyway of the dam, are drilled 
with Sullivan 3%4-in. drills, and the pop holes, 
necessary for breaking and blasting the larger 
boulders and pieces of rock before the exca- 
vator and steam shovel, are drilled by Sullivan 
air jet hammer drills, using hollow steel. The 
trimming in the keyways and spillway is also 
done with these tools. 
_ The excavation of the river bottom is ac- 
complished by a drag-line excavator with 2% 
cu. yd. buckets and a 7o-ft. boom, a 70-ton 
steam shovel with 2% and 2-yd. dippers, two 
15-ton electric cableways with spans of 1500 
ft.; the height of the cableway head towers is 
60 ft., and the height of the tail towers 100 
ft.; the hoisting speed is 300 ft. per minute, 
and the traveling speed 1200 ft. per minute. 
The cableways are equipped with 4-yd. skips 
and orange-peel and clamshell buckets. The 
height of the cableways above the foundation 
of the dam is 375 ft., and they are operated by 
300-hp motors. 

Practically all the material from the excava- 


tion of the river bottom, which will be about 
250,000 cu. yd., and the material from the spill- 
way, about 350,000 cu. yd., will be used in the 
construction of the dam, as sand, gravel, boul- 
ders or crushed rock. 

All the material from the river bottom is 
taken to a sizing plant high up on the south 
side of the canyon and separated into sand 
and different-sized boulders by being dropped 
over grizzlies and screens, and from the 
grizzlies and screens through chutes to the va- 
rious storage bins, whence the material is 
taken as needed to the concrete-mixing plant, 
located lower down on the side of the canyon 
and above the dam. The sand and fine gravel 
found in portions of the bed are picked up 
with the orange-peel and clamshell buckets, 
while the boulders and rock are carried in the 
skips. 

The granite from the spillway is sent to the 
sand-cement plant, located on the north side 


_ of the canyon and of a capacity of 1000 bbl. 


of sand-cement per twenty-four-hour day. It 
consists of a rock crusher, sand rolls, rotary 
dryer, ball mill, mixing machine and three 5 x 
22-ft. tube mills. 


SAND-CEMENT PLANT 


This sand-cement is made by blending ordi- 
nary Portland cement with about an equal 
volume of pulverized granite. The granite 
obtained from the spillway excavation is run 
through the rock crusher and sand rolls, then 


through the dryer and into the ball mill, where 
it is pulverized to pass a 20-mesh sieve. It is 
then mixed with the Portland cement and 
ground with it in the tube mills to such fine- 
ness that about 95 per cent will pass a 200- 
mesh .sieve. The resulting product gives a 
mixture as strong as the original Portland 
cement, and is used in the construction of the 
dam in the same proportions as the original 
Portland cement would be used, thus prac- 
tically cutting in half the quantity and cost of 
the cement necessary. 


COMPRESSED-AIR CONVEYOR 


From this plant the sand-cement is carried 
across the river and up the side of the canyon, 
a total distance of about 1500 ft., to the con- 
crete mixer by compressed air through a 4-in. 
air line. 

To accomplish this, the sand-cement is 
loaded from the mill bin into a vertical hop- 
per, connected at the bottom with the conveyor 
air line, through the vertical opening of a 
staridard pipe tee. One of the horizontat 
openings of the tee is connected into the con- 
veyor line. Into the opposite end of the tee 
is connected, by means of suitable bushings, a 
34-in. air line. A nozzle is connected to this 
3%4-in. pipe, inside the conveyor, pointed in the 
direction of the flow of the sand-cement. 
After the hopper is filled with sand-cement it 
is tightly closed and the air turned on, carrying 
the cement to bins in the concrete-mixing plant. 


* At various intervals along the conveyor pipe 


line, and also at each turn or bend in the con- 
veyor pipe line, a tee is inserted, and through 
each of these tees a 34-in. air line is connected 
with a nozzle pointed in the line of the flow; 
these are boosters and keep the conveyor line 
open and the flow of sand-cement continuous. 

The compressors furnishing the air for the 
rock drills also furnish the air for the con- 
veyor, so that up to the present time no ex- 
periments have been conducted to determine 
the quantity of air or air pressure necessary 
to perform any unit quantity of this work, but 
general observation would indicate that it is an 
economical process, and it is certainly quick 
and convenient. 


CoNCRETE-PLACING APPARATUS 


After the concrete is mixed and ready for 
placing in the dam it is carried and placed by 
two Crowe concrete-placing cableways and 
equipment. This apparatus consists of two 
hoppers and a long trough suspended from a 
cableway. The cableway is located in the 
proper position to carry the concrete from the 
mixer over the dam. The upper hopper trans- 
ports the concrete from the mixer and dumps 
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it into the lower hopper, which connects di- 
rectly with the long trough. The lower end 
of this trough is suspended in such a manner 
that it can be moved through a circle, so that 
the concrete may be dumped at any time at 
any desired point in the dam. This apparatus, 
Mr. Doll states, is not only extremely econom- 
ical in operation and speed, but it is also very 
much more convenient for distributing and 
placing concrete than other methods. 


Power House 


For furnishing the necessary power for 
lighting the camp, construction works and 
operating the construction equipment, a hy- 
draulic power plant was built 3 miles above 
Barber Junction on the Arrowrock Railroad 
and started operation in May, 1912. The ca- 
pacity of this plant is from 2500 to 3000 hp. 
The equipment consists of three alternating- 
current, 60-cycle, three-phase, 2300-volt gen- 
erators. This power is transmitted from the 
station at 22,000 volts. The transmission lines 
to Arrowrock are in duplicate so as to insure 
continuous service. 

The lumber necessary for the camp and con- 
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Tor Hill Reservoir at Regina 


5,000,000-Gallon Reservoir in Saskatchewan, Canada, with Rein- 
forced-Concrete Roof Slab Resting on Structural-Steel Frame 


By R. O. Wynne-Roberts, M. Inst. C. E., Consulting Engineer, Regina, Saskatchewan 


Last year the city council of Regina, 
Saskatchewan, Canada, on the recommenda- 
tion of Mr. A. J. McPherson, then city com- 
missioner, decided to adopt a scheme, which 
the writer had submitted, whereby an_ ulti- 
mate daily supply of 10,000,000 gal. of water 
can be made available at an expenditure of 
about $2,000,000. Two 5,000,000-gal. reser- 
voirs were included in the scheme and the first 
of these, Tor Hill reservoir, has been in use 


since April. The depth of water has been 
maintained at about 23 ft. for more than a 
month. 


Tor Hill reservoir is 202 ft. in diameter, 


has a 25-ft. depth of water, is circular in plan, 
made of reinforced concrete, and is located 
on a hill close to the Boggy Creek water- 
works, with the top water line about 120 ft. 
It is so situated that it 


above Regina level. 
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Arrangement for Making and Transporting Concrete 


intersection in the other. The top surface of 
the concrete was worked to a fine close tex- 
ture. 

There are sixty-nine reinforced-concrete 
columns, each 16x 16 in., supported on trun- 
cated pyramidal bases 4 ft. square and 1 ft. 
3 in. high, which, with the 6 in. sub-base, 
forms an integral part of the floor. The sub- 
base was reinforced with ¥%-in. bars laid at 
6-in. centers in cross directions. 

The columns are reinforced with four 34- 
in. round bars tied by 1x 1-16-in. hoop-iron 
links at 1o-in. intervals. Where the bars join 
the base they are inserted into wrought-iron 
tube sleeves %4 in. larger in diameter and 
grouted with liquid cement. After the bases 
had set these rods kept the forms from rising 
when being filled with wet concrete. 

Forms for the columns were made in three 
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Plan and Section of Tor Hill Reservoir and Arrangement of Plant for Placing Concrete 


struction work is cut at a sawmill, operated 
by the U. S. Reclamation Service, about 17 
miles up the river from Arrowrock. The total 
output of this mill will be about 5,500,000 
ft, bam: 


CONSTRUCTION CAMP 


The construction camp buildings include an 
office, general workshop, steam-heating plant, 
engine house, warehouse, store, meat market, 
bakery, root cellar, stable, bathhouse, laundry, 
hospital, isolation hospital, clubhouse, mess 
house for office and clerical force, general 
mess house, fifteen general bunk houses, and 
about one hundred and twenty-five family 
houses, cottages and tents, for use of super- 
intendents and men with families. This 
makes a camp with a capacity for taking care 
of about 1000 working men and a total popu- 
lation of about 1500, 

The general shops comprise a wood-working 
shop, machine shop and blacksmith shop, all 
well equipped. 

The water-supply, sewage-disposal and fire- 
protection systems are complete and efficient, 
so that this little settlement is as well equipped 
with the machinery of civilization as a perma- 
nently located town of many times its popula- 
tion. 

On May 31 work was well under way on 
the excavation for the second section of the 
dam, 225,000 out of a total of 250,000 cu. yd. 
of material having been removed from the 
river bed. Excavation. in the spillway was 
40 per cent completed, with 140,000 yd. 
removed, 


will serve in connection with future exten- 
sions into five other watersheds of the water- 
collecting works. 


EXCAVATION AND Foorrnes 


The excavated material, averaging 9% ft. 
in depth, was of the heterogeneous character 
so common to glacial formations, ranging 
from fine sand to heavy clay. It was re- 
moved by horse-drawn wheel scrapers and 
deposited at convenient points, to be utilized 
afterward in forming an embankment around 
the reservoir. For this work ordinary scrap- 
ers were employed, and the quantity of ma- 
terial handled was about 12,500 cu. yd. 

The footings were laid 1 ft. lower than the 
under side of the floor, except where pipe 
connections are located, where the thickness 
was made 2 ft. beneath the under side of the 
pipes. The footings extend for a distance of 
3 ft. 8 in. under the floor from the inner face 
of the wall and are reinforced with ¥-in. 
round bars laid radially and circumferentially, 


and also by diagonal braces laid radially, 6 in. 


on centers, so as to form a strong tie between 
the wall and the floor. 


FLroor anp CoLumMNS 


The reservoir floor is 12 in. thick, having a 
tall of 1 ft. to the scour pipe, which is laid 
to a sump hole at a depth of 2 ft. 3 in. below 
the floor level. The floor was laid in two 
layers, each 6 in. thick, and between them 
were laid ¥%4-in. mild steel bars, 6 in. on cen- 
ters in both directions, tied together at every 
fifth intersection in one way and at every 


sections, built of 2-in. planks with 4x4 in. 
cross-pieces placed 3 ft. on centers and held 
together by 3-in. bolts. Each section was 
numbered so that three forms made a com- 
plete column. Sufficient forms for twenty 
columns were made, and they were therefore 
used at least three times each. These forms 
were assembled on the ground, hoisted up and 
lowered over the rods by means of a light 
ginpole on a monkey derrick built on skids. 
The derrick, which was moved from column 
to column by the men, was of a light con- 
struction and made of 2x 8-in. boards. The 
columns were braced by 1-in. boards tied to 
the wall forms and were plumbed to assure 
the perpendicularity of the lower forms; the 
other forms were held in place by two bolts 
holding the second and third sections down to 
the one already filled in. One section about 
9 ft. high was filled each day. 


CIRCULAR WALL 


At the floor level the wall is 57 in. thick, 
while 7 ft. above the floor a steep batter on 
the outside reduces it to 18 in., and from this 
point it tapers to 14 in. at the top water line. 
It then corbels out to allow a base for the 
roof beams and for a rain-water gutter. In 
the original design the wall was to be 9g in. 
thick at the top and 14 in. at a height of 5 ft. 
above the floor, with three external rein- 
forced-concrete rings placed at points of equal 
pressure, to provide extra strength, as the 
work would be carried out under somewhat 
unusual conditions; but owing to the delays 
already mentioned it was deemed expedient 
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to alter the design by eliminating the rings 
and thickening the walls by an equivalent 
volume of concrete and steel, so as to simplify 
the construction and thus expedite the work. 
The inside face of the wall is vertical. 

The horizontal reinforcement in the wall 
was designed to take up the tensional stresses 
proportional to the varying depths of water. 
At the floor level there are two 13%-in. round 
bars at 3-in. centers curved to a template to 
fit the curvature of the wall. At the top r-in. 
bars are spaced 4% in. on centers. These 
bars are held in place by 2x2x \%-in. steel 
angle standards, in which holes were drilled 
at prescribed distances, and 4-in. steel hooks 
inserted to clip the rods. Such standards are 
3 ft. 6% in. apart along the perimeter of the 
reservoir, and are fixed so that there are 5 
in. and 3 in. of concrete between the horizon- 


ey 
: 
BE 
Se 
Re N 
= 3 SZ) 
5M 
222 Bs 
Standard i Ni Ss 
and Hooks iE 7 


spaced every 5 ft., and on each row of girts 6x 
6-in. beams were placed. The one facing the 
studding had a segmental piece nailed on to its 
face to form the curve. On the top of the 
6x 6-in. timbers were the gangways, which 
served to transport the materials. As the 
wall was built up to the level of the runways 
the timber work was made higher so as to 
command the next tier of concrete work. 


ROoF 


The roof is constructed of 15-in. 60-lb. 
steel beams, cut to fit the 20-ft. spans and rest- 
ing on the columns, which are 20 ft. apart 
each way. The joists are 12-in. 31-lb. beams 
placed 6 ft. 8 in. on centers, and attached to 
the primary beams by angle clips. The cover 
of the roof consists of a 5-in. concrete slab, 
reinforced with ¥4-in. steel bars laid cross- 
ways at 6-in. centers. The roof has a dome 
formation, being 12 in. higher at the center 
than at the perimeter. The surface of the 
concrete was washed with hot liquid asphalt 
to prevent disintegration by frost. 

Rolled-steel joists were selected for the 
roof construction, as otherwise it would mean 
erecting falsework to a height of 27 ft. to 
support the reinforced-concrete beams. With 
the steel joists, however, the forms rested on 
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Staging for Transportation of Concrete 


Ventilator Detail and Staging and Forms for Concreting 


tal steel reinforcement and the water face at 
the bottom and top respectively. This meth- 
od of placing and fixing the horizontal bars 
resulted in a firm and satisfactory frame- 
work, undisturbed by the men placing the 
concrete. 

The vertical reinforcement consists of %4-in. 
bars at 8%-in. centers tied to the horizontals 
by black wire at every fifth intersection ver- 
tically and at each intersection on the fifth 
row horizontally. 

Forty-five buttresses, spaced at 14 ft. 2 in. 
around the outside of the wall, are 2 ft. wide 
and project beyond the 14-in. wall about 11 
in. at the top and die out at the base. These 
are reinforced vertically by 14-in. rods spaced 
4 in. apart. 

Every horizontal and vertical joint in the 
walls, which were built in courses about 12 
in. high, was thoroughly cleaned before the 
next layer of concrete was laid. Any con- 
crete work which had been standing twenty- 
four hours or more had the laitance removed 
by picks, wire brushes, and plenty of water, 
so as to insure a thoroughly sound bond. 

On the completion of the work the wall, 
floor, and columns were painted with hot 
liquid bituminous asphalt, and afterward 
washed with lime. 

The timber work necessary to form the in- 
ternal surface of the wall consisted of bents 
erected about 14 ft. apart; the girts were 


the flanges and made a simpler and equally 
effective mode of construction. 

The steel joists were elevated to the roof 
level by means of a fixed boom attached to 
the hoisting tower, which was used to raise 
the concrete. They landed on loose dollies 
and were run within reach of a placing der- 
rick, built of 6x 6-in. timber in the form of 
a double-boom traveler, having a reach of 60 
ft. when both booms were spread. It was 
slid along greased rails and carried a set of 
chain blocks at the end of each boom. 

All pipes fixed in the concrete were un- 
coated and had puddle rings cast on to prevent 
any water finding its way along the outside. 
These rings are 6 in. wide and I in. thick, 
strengthened by brackets 1 in. thick. All in- 
side pipes have bell mouths. The inlet and 
outlet pipes stand 6 in. above the floor level. 

All valves are located outside of the reser- 
voir, and are inclosed in reinforced-concrete 
manholes measuring 3% ft. square at the top 
and 3%x4% ft. at the valve level. The 
mains leading to and from the reservoir are of 
ample size to deliver at least 5,000,000 gal. per 
day, and are of such dimensions as to fit in 
with future extensions. 5 


HANDLING THE CONCRETE 


For the floor, columns and wall the con- 
crete was specified to be a 1:1%4:3 mix, but the 
mass work round the pipes, in the valve cham- 


bers, and in the roof cover was to be a 1:2:4 
mix. The pit gravel obtained in the vicinity 
was found to conform so closely to the speci- 
fied proportions that a mixture of I cement to 
5 pit gravel was substituted, care being taken 
to add more cement when necessary. About 
3400 cu. yd. of concrete were laid. The limit- 
ing compressional stress in concrete was 500 
Ib. per square inch. 

.Concrete was mixed wet in a 34-yd. steam- 
driven Smith mixer and elevated by means of 
an Insley automatic roller hoist to an Insley 
receiving hopper situated a few feet above 
the level of working operations. Hand-drawn 
concrete hopper carts were wheeled over the 
gangways to all parts of the work. 

A Ham-Baker water-level indicator was 
fixed to indicate the varying water levels, and, 
by electric transmission, to record the same 
at the Barton pump house, %4 mile distant. 

A 20x10-in. Simplex Venturi meter, sup- 
plied by Francis Hankin & Company, has been 
installed on the delivery main to the reservoir 
and near the above-mentioned pumping sta- 
tion. 

The % and 34-in. steel rods were supplied 
by the Provincial Steel Company, of Coburg, 
Ont.; other steel was supplied by the Western 
Steel & Supply Company, of Regina; cement, 
by the Canadian Cement Company, of Cal- 
gary; cast iron, by the Canada Iron Corpora- 
tion; and the concrete machinery, by Mussens, 
Ltd., of Winnipeg. 


ITemMiIzeD Costs 


Some of the itemized costs are: Cast iron 


_ pipes, class C, 2%4 cents per pound; special 


castings, 5 cents; cast iron covers and venti- 
lators, 4 cents; cement, $2.85 per bbl.; steel, 
Y% and 34-in. bars, 2.44 cents per pound; I-in,, 
2.80 cents; 13£-in., 3.21 cents; 15-in. joists, 
3.6 cents; 12-in. joists, 3.9 cents; standards, 
3.9 cents—all quotations f.o.b. Regina. 

For placing steel in the columns the average 
cost of labor was 26 cents per 100 lb.; in the 
floor, 12 cents, and in the walls, 30 cents. 
The cost of labor, team and coal for mixing 
and placing concrete in the column footings 
averaged $2; in the columns, $10; in the 
floor, 82 cents; and in the walls, $1.10 per 
cubic yard. 

Tenders were invited for the construction 
of this reservoir on the understanding that 
the city would supply all cement, gravel, steel 
and cast-iron work, with the result that the 
lowest bid was $63,176. The engineer’s esti- 
mate was $46,497, to which was to be added 
$6974 for contractor’s profit. The offers were 
considered too high and it was decided to 
carry out the work on force account under 
the superintendence of Mr. Herbert Gibson. 
The total cost was about $88,000, of which 
the items the city would have supplied under 
the contract absorbed about $58,000. The 
modifications in the design and specifications 
no doubt effected some reduction in the cost. 

Mr. Theodore Brockmann was resident 
engineer during the first season. Mr. L. A. 
Thornton, the city works commissioner, took 
an active part in the organization of the work, 
and Mr. J. McD. Patton, followed by his suc- 
cessor, Mr. J. Mackay, waterworks superin- 
tendent, arranged for the materials. The 
reservoir was designed and its construction 
supervised by the writer. 


Roapd IMPROVEMENT IN ONTARIO is to be 
aided by an appropriation of $5,000,000 made 
by the government of the province. A com- 
mission of two engineers and one member of 
the legislature has been appointed to investi- 
gate and report on the necessity for the con- 
struction and maintenance of public zoads 
within the province. 
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Extent of the Steel Industry 


A census of the rolling mills and steel works 
was taken at the close of the year 1912 and the 
number of completed plants, as given in the 
bulletin of the American Iron and Steel In- 
stitute, was 661, located in thirty-three states, 
the District of Columbia and the Canal Zone, 
Panama, of which 565 were active during the 
year and 96 were idle. At the close of tg11 
the number of completed works was 647, of 
which 543 were active and 104 were idle. 
There was a gain in 1912 over I9II of 14 com- 
pleted plants. 

The number of works which were equipped 
with hot trains of rolls at the close of 1912 
was 445, of which 373 were active during the 
year and 72 were idle. The number of steel 
plants which were not equipped with hot trains 


Erecting 110-Foot Plate Girders 
with a 60-Ton Derrick Car 


The plate-girder approaches for the 401-ft. 
double-track span carrying the Pennsylvania 
Railroad over the Monongahela River at West 
Brownsville comprise two 100-ft. spans at 
the west end and one I1o-ft. span, one 59-ft. 
span and one 26-ft. span at the east end. 
Each of the 100-ft. spans has two tracks car- 
ried on separate pairs of girders on masonry 
piers. The other spans provide for a diverg- 
ing third track which required five 110-ft 
girders, and six girders for each of the shorter 
spans. 

All the girders were erected by the Lucius 
Engineering Company, of Pittsburgh, with a 
60-ton derrick car having a 65-ft. boom. The 
eight 100-ft. girders weighing 28 tons each 


Erecting a 110-Foot Plate Girder with a 60-Ton Derrick Car 


of rolls at the close of 1912 was 216, of which 
192 were active that year and 24 were idle. 

In 1912 there were 29 rolling mills and steel 
plants added to the list of completed works, 
located in 12 states and the Canal Zone, Pana- 
ma, of which 8 were equipped with hot trains 
of rolls and 21 were not, as follows: Rhode 
Island, 2; New York, 2; New Jersey, 1; 
Pennsylvania, 5; Texas, 2; Ohio, 2; Indiana, 
1; Illinois, 5; Michigan, 4; Iowa, 1; Kansas, 
2; Washington, 1; and the Canal Zone 1. 

At the close of 1912 there were 11 rolling 
mills and steel works in course of erection, of 
which 7 were being equipped with hot trains 
of rolls and 4 were not being so equipped, as 
follows: Pennsylvania, 2; Maryland, 1; Ala- 
bama, 1; Ohio, 3; Michigan, 1; Minnesota, 1; 
and Washington, 2. In addition at the close 
of I912 there were 5 plants which were partly 
erected but upon which work had been tempo- 
rarily suspended. 

During 1912 there were 1g rolling mills and 
steel works abandoned or dismantled, located 
in 10 states, of which 12 were equipped with 
hot trains of rolls and 7 were not, as follows: 
New York, 3; New Jersey, 1; Pennsylvania, 

6; Delaware, 2; Maryland, 1; West Virginia, 
1; Alabama, 1; Ohio, 2; Illinois, 1; and Michi- 
gan, I. 


AUTOMOBILES FOR THE Division ENGINEERS 
of the Wisconsin State Highway Department 
have been purchased by the highway com- 
mission with a view to doubling the efficiency 
of the seven men who have in their charge 
1400 pieces of road improvement. 


were first erected and the derrick car was 
turned around and moved across the river on 
the old structure. The to1-ft. girders, each 
weighing 55 tons, were delivered to it on cars 
at grade and swung into position. Their erec- 
tion developed a concentrated load of about 
170 tons under the front tracks of the der- 
rick car, which were relieved of this great 
stress by a system of solid blocking built 
under the car framework and the ends of the 
inclined outriggers to transmit the load to the 
bridge structure. The 35 and go-ft. girders 
were riveted up in pairs to form complete 
spans, which were handled by the derrick cars. 
The derrick car, illustrated on this page, 
has a steel A-frame with steel outriggers to 
provide increased lateral stability, and in- 
clined steel rear braces opposed to which are 
adjustable back stays from the top of the 
frame to the rear of the car platform. When 
the heaviest girders were lifted the top of the 
A-frame was additionally secured by back 
stays anchored to a ballast car in the rear and 
adjustable by a tackle at the upper end. The 
steel was fabricated and the main span was 
erected by the Pennsylvania Steel Company. 
Frcutinc MosguitTors was one of the con- 
struction problems of the power development 
at Stave Falls, B. C. Two years ago the pests 
were so annoying at the height of the mosquito 
season that for two weeks work was suspended 
altogether. This season there have been prac- 
tically no mosquitoes at all, it is reported, as a 
result of having a man detailed to spend his 
time putting oil on pools in the neighborhood. 


Railroad Bridge Moved to New Site 
for Highway Service 


The provincial government of British Co- 
lumbia recently decided to build a combined 
highway and electric-railway bridge over the 
Pitt River, a few hundred yards above the 
point where this stream is crossed by the main 
line of the Canadian Pacific Railway. While 
plans were being prepared for the government 
bridge the railroad company was construct- 
ing piers for a double-track bridge to replace 
the single-track structure across Pitt River. 
A description «of the Pitt Bridge 
foundations appeared 1 this journal on June 
28. It was suggested that the abandoned 
single-track railroad bridge, which is a com- 
paratively new structure, might be moved in 
complete sections and placed upon new piers 
at the location selected for the government 
highway bridge. 

This plan was found to be feasible and the 
government bought the railroad bridge at a 
figure said to be highly satisfactory to both 
parties, as it relieves the railroad company 
from the necessity of dismantling the struc- 
ture and makes it possible for the government 
to open the new highway a year ahead of the 
expected date. Plans for the highway bridge 
piers are being revised so as to accommodate 
the railroad spans, which will fit nicely in the 
new location, drawspan and all, because the 
river width is practically the same at both 
points. The only change in the superstruc- 
ture moved to the new location will be the 
construction of a flooring suitable for highway 
traffic. 
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Movinc or SpANS 


The largest span to be moved is the 250-it. 
drawspan, which weighs 400 tons. This was 
taken from its original location on Aug. 20 
and placed upon pile supports near the site for 
the highway bridge. The actual moving was 
accomplished in less than an hour, four scows 
being used to float the span, and a tug at each 
end serving to move it to the temporary sup- 
ports. The scows were each 30 x 8o ft. in 
plan and 8 ft. deep and a framework of 12 x 
12-in. timbers was erected on each to bring 
the bearing up to the required height. 

When ready to move the drawspan, the 
scows were partly filled by drawing plugs, 
so that the framework on each would just 
pass beneath the floorbeams of the bridge. 
The scows were placed athwart the bridge, 
one at either end and one on each side of the 
pivot pier. On each of the four scows were 
two 4-in. diaphragm hand pumps, and each 
pivot-pier scow was also served by a 4-in. 
steam-driven centrifugal pump, while the outer 
scows, to which the tugs were attached, were 
tapped by the steam pumps on the tugs. When 
the floating supports were accurately placed, 
pumps were started, and the rising scows 
lifted the steel span from its piers. 

The effective width of the bridge resting 
upon supports was about 20 ft., and this was 
found to be sufficient to give the span ample 
stability when floated on the 80-ft. scows. 
although the upper chord was about 60 ft. 
above water at its mid point. After being 
floated the span was towed several hun- 
dred yards upstream and swung through 
a quarter turn. A kedge anchor was then 
placed to hold it steady in the current, 
and the line was paid out slowly until the 
structure was eased carefully into position 
over the temporary piers prepared for it near 
the river bank. When in exactly the right 
position over the rest piers the plugs in the 
scows were drawn again and the span settled 
safely to the supports. 
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New Cutoff between Winchester and Irvine, 
in Eastern Kentucky 


Heavy Grading in Broken Country Intersected with Nar- 
row, Deep Ravines, and High Viaducts across Valleys 


Of all the new construction and grade re- 
vision work being done by the Louisville & 
Nashville Railroad at this time in three 
states some of the heaviest is on the 26-mile 
cutoff from Winchester to Irvine. This line 
traverses broken country cut with deep 
ravines. Although the other railroads in the 
general vicinity wind around to follow the 
drainage, this one cuts across the drainage 
and does not deviate far from a straight line 
connecting the two termini. The line will be 
used chiefly for coal, and as it will not serve 
any ‘very large population there will be no fast 
passenger service, and sharper curves have 
been permitted than were used on the main- 
line work described in earlier articles. The 
curvature is, however, confined to a maximum 
of 6 deg. The ruling grades are 0.4 per cent 
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9 ft. This cut of 70,000 cu. yd. is in the 
city of Winchester. To prosecute the work 
without interrupting traffic on the old line it 
was necessary to shift this line, and on ac- 
count of a street crowding the right-of-way 
closely on the west side this shift could be 
made only to the east. This necessitated a 
temporary crossing of the Cincinnati-Atlanta 
line over the new cut as it turns away. When 
this cut is finished and the old profile from the 
junction south is adjusted to it, the tracks will 
be shifted to the bottom of the cut and the 
temporary crossing will be removed. 
Winston & Company, of New York City, 
have a general contract for the entire work. 
They have sublet it in sections, and the sub- 
contractors in turn have sublet portions of 


the work. About 314 miles from Winchester 
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the cables to allow tightening or loosening of 
them. At Io-ft. intervals a hanger of 34-in. 
cable was suspended from each main cable, be- 
ing firmly secured to it to prevent sliding. 
The corresponding hangers held the ends of 
timbers at right angles to the line of em- 
bankment. A pair of stringers spaced about 
4 ft. apart spanned between timbers, and the 
narrow-gage track was laid on the stringers. 
To make each part of the track adjustable as 
to height, each hanger had a double adjusting 
block with 3-in. cables. The main cables and 
the corresponding hangers were first spaced 
12 ft. apart, but for the second fill this was in- 
creased to 13 ft. to give more room for right- 
ing the empty cars. 

In operation the 4-yd. side-dump cars were 
pushed out in trains, each one being dumped 
as it came upon the end of the suspended 
structure, so that the cables had to support 
only the empty cars. The cableway system 
was used successively at three points, the span 
from tower to tower being in each case about 
In two instances a single ravine was 
spanned; in the third two narrow ravines with 
a short low intermediate cut were taken care 
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General Plan and Elevation of Red River Viaduct, with Principal Dimensions and Elevations 


northbound against loaded traffic and 0.5 per 
cent southbound against empties. In order to 
obtain these grades it was necessary to “force” 
the ground, the summit cuts being long and 
deep and the valleys being crossed on high 
viaducts. 

Throughout the work the grading is heavy, 
although the material varies gradually from a 
hard, durable limestone at the north end to 
less durable shales and slates, and again to 
soapstone which, although it can be removed 
only by blasting, crumbles away a day or two 
after it is exposed to the air, and gives much 
trouble by sliding. Most of the slopes were 
steep, and the excavating equipment had to be 
hauled along the tops of the ridges. The fills 
are mostly short and deep, across ravines, and 
were in many cases too high to place from 
single-deck trestles. 

The route of the line was shown in the pre- 
liminary article on the Louisville & Nashville 
work, on page 99 of the issue of July 26, 1913. 
Leaving the Cincinnati-Atlanta line at Win- 
chester, the new route descends on the ruling 
grade, regardless of the direction of the drain- 
age, for a distance of about 16 miles, or about 
3 miles beyond the Red River crossing. It 
then ascends for about 2 miles to the Mobley 
Hill summit and again descends into the Ken- 
tucky River Valley, which it follows into 
Irvine, remaining, however, well above high- 
water mark. 


WINCHESTER Cut 


The beginning of the long descending grade 
from Winchester is determined by the grade 
crossing of Broadway Street in that city. Be- 
tween this point and the junction of the old 
and new lines about % mile south the old 
track profile is being cut down a maximum of 


is the Burch cut, which is 1200 ft. long, with 
a maximum depth of go ft. About 2 miles be- 
yond this is the Raker Tunnel, which is only 
547 ft. long and involved no special difficulty. 
This work is all being done by Johnson & 
Briggs, of Winchester. The quantities 
throughout are heavy, but the country is some- 
what less broken than that farther south. 

About 1 mile south of the Raker tunnel is 
the crossing of the Dry Fork. This will be a 
five-span bridge 500 ft. long and 85 ft. high. 
The concrete work is completed, but the steel 
is not yet on the ground. The concrete work 
was done by Sturm & Dillard, of Colum- 
bus, Ohio. The concrete mixer and the 
crusher plant were located at the bottom of 
the valley. The limestone rock being taken 
from the cut near by was used for the con- 
crete, the dust being used in place of sand. 

A short distance south of Dry Fork cross- 
ing is another short tunnel, the Conkwright. 
No special difficulties were encountered with 
this tunnel, but throughout the 3 miles from 
Dry Fork to Howard Creek the grading is 
heavy and the material is difficult to handle 
on account of the succession of short, deep 
cuts and fills. The grading is also being done 
by Sturm & Dillard. 


CABLEWAY FOR FILLS 


To make the high fills a track suspended 
from a cableway was used successfully. On 
the solid ground at each end of the fill a bent 
made up of two heavy end posts and a cross- 
timber at the top was constructed from large 
tree trunks available in the vicinity. Two 2-in. 
cab'es were then carried across the ravine and 
drawn tightly over the tops of the bents, the 
ends being firmly anchored in the ground be- 
yond, with a %-in. triple block at each end of 


of. The same cables, blocks and timbers were 
used at one fill after another, there being no 
dead loss in trestles permanently buried. The 
danger was also eliminated of the material 
knocking the high trestle bents over in fall- 
ing, or pushing them out by sliding down the 
steep-sided ravines. 

The cables were furnished by the John A. 
Roebling’s Sons Company, of Trenton, N. J. 
The contractors are taking the cuts out with 
a Bucyrus 70 and a Marion 60 steam shovel 
and handling the material in 4-yd. narrow- 
gage Kilbourne & Jacobs side-dump cars 
hauled by one Porter and four Vulcan din- 
keys. 

Howard Creek will be crossed on a viaduct 
1235 ft. long and 170 ft. high. The concrete 
abutments and pedestals are being constructed 
by J. M. McClusky, of Louisville, who is also 
building a number of the arches and box cul- 
verts. No steelwork has as yet been done. 
South of Howard Creek a stretch of smoother 
ground is encountered. Sims & Company, of 
Winchester, sub-contractors, are doing the 
grading here, using two Marion 60 steam 
shovels and 12-yd. standard-gage side-dump 
cars hauled by four second-hand yard engines. 
A small portion of this work is being done 
with mules and carts, the material handled 
by the mules being mostly earth or soft shale. 


Ravine Crossinc Near Rep RIVER 


A short distance north of the Red River 
crossing, which is a little less than 4 miles 
from Howard Creek, the line crosses a deep 
ravine. Although the fill across this is only 
about 300 ft. long, the depth is 90 ft. on the 
center line. The bed of the Creek has a 
sharp fall, and the fill at the upper toe is only 
70 ft., while that at the lower toe is 130 ft. 
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On the north slope of the ravine there is a 
public road, which also had to be accommo- 
dated. 
_ The stream, which is a small one, is taken 
care of by a 36-in. pipe. This starts at the 
upper end from the creek level, but is kept 
up along the slope of the ravine, so that the 
lower end is some 40 ft. above the old creek 
bed, thus reducing the length of pipe to about 
250 ft. and giving a 5 per cent grade. The 
public road has been relocated on the north 
slope well up toward the top, and is carried 
under the tracks through an opening 12 ft. 
wide with vertical side walls and a semicircu- 
lar arch. This arch is of the general type 
adopted by the company for undercrossings, 


the trestle. In order not to interfere with the 
work of making the fill the concrete was 
placed mostly at night. 


Rep River BRIDGE 


At the Red River there will be a bridge 1800 
ft. long and 180 ft. above low water. As the 
illustration shows, this will be of viaduct con- 
struction, with alternate spans of 4o and 
either 60 or 80 ft., except for the channel 
span, which will be a deck truss of 200-ft. 
span, supported on wedge-shaped steel towers 
about 56x 34 ft. at the base. The river chan- 
nel, which is about 80 ft. wide, is on a sharp 
skew, and three of the tower pedestals, two 
on the north side and one on the south, will 


yard engines. Another type of cableway for 
placing the deep fills has been used on’ this 
section. - It consists simply of a track laid 
part way out on cables stretched across the 
ravine. This system has not proved stable 
enough for the heavy standard-gage equip- 
ment used, and several derailments have oc- 
curred. 

Another viaduct 360 ft. long and 88 ft. high 
is to be built across a small valley 3 miles 
south of the Red River crossing. Work has 
not been started here. The abutments are to 
be of the reinforced type being used on a num- 
ber of the Louisville & Nashville bridges, and 
some of the details are shown. In most re- 
spects the design is similar to that shown for 
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Plan 
Reinforced-Concrete Stub Abutment, with Spread Footing, Web-and-Counterfort Body, and Cantilevered Wings 


except that it is crowded so close to the bank 
that the north wing walls are eliminated. 

The grading is being done by J. C. Car- 
penter & Company, of Clifton Forge, Va. The 
fill was started from a trestle, which was in 
reality one trestle on top of another, the 
height being too great for the ordinary type 
of trestle. The material was taken out with 
a steam shovel working in a fairly heavy cut 
about % mile south, at the brink of the Red 
River Valley, after the smaller intermediate 
cuts and fills had been made. Owing to the 
long fall for the material, practically all of 
which is rock, and the steep sides of the 
ravine, inviting slides, substantial bracing was 
used to save the trestle from destruction; but 
in spite of this the trestle was destroyed and 
the embankment was completed from a cable- 
way. 

The concrete arch for the road was built by 
the Emery Contracting Company, of Tamaqua, 
Pa. The concrete plant was located on the 
south side of the ravine, partly because there 
was more room there and partly because the 
same company was building the masonry for 
the Red River viaduct, which is on that side. 
The trestle was floored over to form a walk 
which extended to a platform over the arch, 
and the concrete was wheeled across in bug- 
gies loaded by means of a chute from the 
Smith mixer, which was somewhat higher than 
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be in the river. These three will be elongated, 
with semicircular ends, and will be turned 
parallel to the river channel, the government 
requiring a 40-ft. clear waterway normal to 
the line of the channel. 

On each side of the main span the ground 
is almost flat for several spans, after which 
it rises on a fairly steep slope to the sub- 
grade level. On either side of the river two 
concrete plants were used, one near the bank 
of the river and the other on the hillside near 
the abutment. One derrick reached the lower 
plant, the channel-span tower and the nearest 
pedestals of the next one. In the same way 
another derrick reached the upper mixing 
plant, the abutment, and the adjacent pedes- 
tals. The concrete was conveyed to the other 
pedestals on the flat ground in buggies run 
from the lower mixer, and that for the pedes- 
tals on the slope was let down from the upper 
mixer on an inclined track. 

South from the Red River the Jones-Gray 
Construction Company, of St. Louis, has a 
sub-contract for the grading for about 3% 
miles. This is mostly sidehill work. <A vari- 
ety of equipment is being used. Some of the 
shallow cuts are being made with mules and 
carts. For the heavier ones a Marion 40 
steam shovel and a Vulcan 70 with a 3-yd. 
bucket are being used, loading into standard- 
gage 6-yd. cars hauled by two second-hand 


ie : 
' 
le zara VOSS hei wae 
\ q 
| Ine 
| eg 
| a 
| a 
| | a 
| % =e 
g | pee TE AY 
| SS alicia 
| _| Se te fe 
| 3 eri! Ie 0 
oe * mbar onset AA ALARA 


73 Woks aes pes 
Sri | 
Sas paceman | 
t sk a vi 
I Ohta OC rt 
Sit | 
! Stevia 1 
sted i 
| Y Hi | 
i! _ i 1 
| 
| 
1 
! 

i 
1 
! 
\ 
i] 
1 
! 
i 
1 
1 
i] 
1 
! 
z 
Ss 


a 


Section F-F 


one of the Cumberland River bridge abut- 
ments, on page 129 of the issue of Aug. 2, 
1913. The footings differ noticeably, how- 
ever, as well as the bridge seats and back 
walls. 

Adjoining the Jones-Gray contract is that 
of J. M. Hassett & Company, of Cincinnati. 
One of the features on this contract is the 
Mobley Hill cut, which is 3200 ft. long, with 
a maximum depth of 108 ft. This depth pre- 
vails only through a thin ridge, long shallow 
extensions to the cut being necessitated by 
the fact that the final sub-grade will be 20 or 
30 ft. below the comparatively gently sloping 
ground at the base of the ridge on either 
side. A public road ran along the top of the 
ridge, and this had to be relocated, bringing it 
down to an overhead crossing at a lower level 
south of the ridge. South of the cut the 
new line runs into a ravine, the profile being 
considerably below the bed of the creek for 
several hundred feet, and an extra-wide ditch 
will be required to take care of the water. 

About 144 miles south of this cut is a 75-ft. 
fill, involving 122,000 cu. yd., over the Polecat 
Branch, the water of which is taken care of 
by a 5x4 reinforced box culvert. Immedi- 
ately north of this fill there is a heavy cut, and 
all the way between this point and the Mobley 
Hill cut the grading is heavy. 

One of the problems on this section of the 
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work was to get the steam shovels and other 
equipment to the site of the work. The coun- 
try south of the Red River, in the fork be- 
tween it and the Kentucky River, is but 
sparsely settled, and the few public roads 
are crude, with heavy grades, and ferries at 
the river crossings. The ten steam shovels 
at work in this section were all loaded on 
barges at Ford, where the Cincinnati-Atlanta 
line crosses the Kentucky River, and floated 
up to convenient points for unloading. The 
general map in the first article shows the situ- 
ation. One temporary railroad was built up 
the sidehill from the Red River for the Jones- 
Gray equipment and another up the Polecat 
Branch from the Kentucky River brought up 
the Hassett shovels. 

Arrived at the new right-of-way, there 
were other difficulties in getting them into 
action at the most advantageous points and in 
moving them from one cut to another. From 
Mobley Hill south the line is generally on 
sidehill, intersected with ravines and sharp 
noses. At each large cut it was necessary to 
let the shovel down from above and begin at 
the top, using single or double switchbacks 
as necessary to get down to the grade of the 
fills. In some instances temporary detours 
were made around noses in order to facilitate 
long hauls from the cuts. 


PoLecaT FILu 


The Polecat fill is being made in two 
stages. A trestle about 4o ft. high was first 
built, and the embankment was placed this 
high to its full width. The material was ob- 
tained largely from the cut immediately north, 
a switchback down around the nose of the 
hill getting the track down to the trestle level. 
The track was carried on around the hill, and 
the rock from other cuts farther north was 
brought and placed in the same embankment. 
The first stage has been completed, and an- 
other trestle has been built on top to the de- 
sired height. A Marion 60 shovel and a 
Thew, one working near the Polecat fill and 
the other in the Mobley Hill cut, have gradu- 
ally opened a way connecting the two; the de- 
tour around the first hill has been abandoned 
with the opening of the cut, one or two other 
detours have been constructed, and the upper 
lift of the large fill will be made largely from 
the Mobley Hill cut. 

The top stratum of rock along here is hard 
limestone, but so seamy that blasting often 
fails to break it up so it can be handled with 
the shovels. Below the limestone there may 
be shale or slate, and below this is soapstone. 
In the low places the limestone and the slate 
have disappeared, and the earth above the 
soapstone exhibits a strong tendency, with the 
weight of the fills, to push out on the lower 
sides in waves. To overcome this difficulty it 
has been found expedient to drill holes 10 or 
15 ft. deep at the downstream side at the toe 
of the embankment and “shoot” them, rough- 
ing up the surface and giving the embankment 
a foothold. 

A part of the Hassett subcontract has been 
resublet to D. J. Grant & Company, of Cin- 
cinnati. The same conditions prevail here. 
A 60-ft. cut, known as the Wiseman, is being 
taken out with a Marion 60 shovel, the last 
in this territory, and hauled with two Vulcan 
dinkeys in 4-yd. Western side-dump cars. 

From here to about 2 miles north of Irvine 
little work has been done. Another viaduct 
420 ft. long and 65 ft. high will pass over 
Calloway Creek. A short distance from Irvine 
a concrete arch is being built over White Oak 
Creek by the Emery Contracting Company. 
The creek is a large one, requiring a 52-ft. 
opening; but in order to get a rock foundation 


it was necessary to go down some 20 ft. Thus 
most of the arch is being built below the origi- 
nal ground level, and only a small part of the 
top shows from a distance. The arch ring is 
being built between cofferdams on either side 
about a third of the way up from the spring- 
ing line. Piles driven between the coffer- 
dams support the centering for the middle 
section. After the ring has been completed 
and the waterway cut down to the new level 
the piles will be cut off. 


SLIDE AT IRVINE 


A short distance beyond this the new line 
passes under the present line from Richmond, 
which swings around and rejoins the new loca- 
tion just north of Irvine station. The main 
street in Irvine, 120 ft. or so above the Ken- 
tucky River, comes out to the end of a nose 
dropping abruptly into the river, and is built 
up with stores to the end. The old line 
curved sharply around this nose and reversed 
to cross on a trestle a deep ravine just south. 
To avoid this sharp curvature the new location 
contemplated crowding in some 15 ft. at the 
nose, and making a high fill close to the river’s 
edge in place of the trestle. Here as else- 
where soapstone was encountered, and for 
several hundred feet the toe of the new fill has 
slid out into the river from 75 to 100 ft. This 
is about a quarter of the way across the river, 
which is navigable, and the Federal govern- 
ment requires that the channel be restored to 
its full width. The nature of the material 


Connections to Frozen Pipe 


‘makes it doubtful whether the slide can be re- 


moved without precipitating a worse one, but 
it is hoped that this can be done by relocating 
the line more nearly on the site of the old one 
and using extreme care in restoring the chan- 
nel to its proper width. 

From the Calloway Creek crossing there 
are few curves, and the grades are light. The 
grading at the Irvine end is largely completed. 
The Burton Construction Company, of Rich- 
mond, Va., is doing the work, using two Ma- 
rion steam shovels. 

The steel work for the larger number of 
bridges on the improvements under way in 
Eastern Kentucky has been contracted to the 
Foster-Creighton-Gould Company, of Nash- 
ville, Tenn., which, in turn, has sublet the 
furnishing of the steel to the Virginia Bridge 
& Iron Company, of Roanoke, Va. 

The cutoff is being built under the general 
direction of Mr. John Howe Peyton, chief 
engineer of construction, who, with Mr. S. F. 
Ferguson, located the line. Mr. W. H. 
Courtenay, chief engineer, has charge of the 
detail designs. Mr. E. D. Sloan, assistant en- 
gineer, is in local charge of the work. The 
line is divided into three residencies. Mr. J. M. 
Walker has the Winchester end, including the 
Burch cut, the tunnels and the Dry Fork via- 
duct; Mr. G. R. Smiley has the middle section, 
including the Howard Creek and Red River 
viaducts and a smaller one; and Mr. J. H. 
Bailey has the Irvine end, including the Mob- 
ley Hill cut. 


Electric Thawing of Frozen 
Water Pipes 


The use of electric current to thaw out 
frozen water pipes has increased in a marked 
degree during the past few years and sev- 
eral manufacturers at present supply special 
pipe-thawing transformers and equipment. An 
unusual rig of this kind, employing a series- 
parallel connection of transformers, was used 
during the past year by a central station in 
the northern part of the United States. The 
motor trucks used were equipped with pairs 
of 10-kw or 15-kw transformers connected in 
series on the 2300-volt side and in parallel 
on the 110-volt side. A coil of wire used in 
series with the transformers has sufficient re- 
sistance to limit the current flow to 200 or 
300 amp, and the switch is left closed until 
the pipe is freed. 


EQurIPpMENT USED 


To meet the emergency of 2000 calls for 
pipe-thawing assistance last year, a large 
metropolitan company employed the equipment 
connected up as shown in the accompanying 
drawing. Except for the primary fuses, no 
current-limiting or measuring devices were 
employed. The first crews equipped were 


provided with meters, but these were found to 
be unnecessary after the men had gained a 
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Plan of Electric Wiring 


little experience and confidence. Current of 
200 to 300 amp was used at 50 volts, the aver- 
age duration being from 5 to 15 minutes. It 
is estimated that from 2 to 4 kw-hr. were re- 
quired per service thawed. Only the cost of 


- the men’s time was charged to the customers, 


this expense averaging about $11.50. 


THAWING WITHOUT TRANSFORMER 


A less elaborate, although slower method 
than the above, requiring no transformer or 
other apparatus, is to cut the insulation from 
a piece of No. 8 weatherproof wire as shown 
in the accompanying drawing. After discon- 
necting the house piping the wire is threaded 
into the frozen service line, to which the other 
side of the circuit is grounded. An elbow 
screwed on the end helps hold the water in 
the pipe to provide a conducting path, and 
the current flow is limited by a 20-amp fuse. 

Such a water rheostat method thaws at the 
rate of 3 to 4 ft. per hour. In one case a 
16-ft. frozen section was thawed at the ex- 
penditure of 10 kw-hr., costing $1. Only one 


- man was required, and after starting the job 


he turned it over to a boy to feed the wire 
into the pipe, as the ice was melted. For 
thawing a few services in houses where elec- 
tricity is available the electrolytic method may, 
therefore, prove to be very convenient and 
economical. 
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Uniformity in Sewer Plans 


New Jersey State Board of Health’s New Regulations Governing Prepara- 
tion and Submission of Designs for Sewer Systems and Treatment Works 


At a recent meeting of the Board of Health 
of the State of New Jersey a set of rules and 
regulations governing the submission of de- 
signs for waterworks or sewage works was 
adopted. These rules have been under con- 
sideration for about a year, and the necessity 
for them has increased daily. Plans are sub- 
mitted at the present time in all sizes up to 
6x1o ft., and on all kinds of paper from the 
wrapping kind to tracing cloth. 

It is also an unfortunate circumstance, the 
board reports, that some few engineers who 
have worked along other lines will accept 
work designing municipal sewage-disposal or 
water purification plants apparently without 
investigating the underlying principles as thor- 
oughly as is desirable. It then becomes neces- 
sary for the state authorities to gather de- 
tailed data regarding the project, which very 
often cannot be done as efficiently as would 
be best because of the small number of engi- 
neers which may be employed with the present 
annual appropriation. 

The present rules are therefore intended to 
prevent loss of time incident to the collection 
of fundamental data upon which the design is 
based, and also to make the plans and reports 
more uniform in character. Before taking 
final action upon the regulations they were 
submitted to several of the leading sanitary 
engineers, with the request that comments and 
criticisms be made. It was the intention of 
the board to see that no unjust provisions 
should be included which would cause un- 
necessary expense or hardship upon the part 
of the engineers. 

The regulations were prepared by Mr. C. G. 
Wigley, engineer of the board, under the su- 
pervision of R. B. Fitz-Randolph, chief of the 
division of food, drugs, water and sewerage, 
and adopted by the Board of Health of the 
State of New Jersey June 23, 1913. 

The rules relating to plans for sewers and 
sewage treatment works are reprinted below: 


SEWERS AND SEWAGE TREATMENT 


Submission of plans (1).—Plans shall be 
submitted to the board for examination at 
least two weeks prior to the date upon which 
action by the board is desired. From this it is 
not to be inferred that action by the board will 
always be taken within the time mentioned. 

Information required (2).—The plans for a 
complete sewerage and sewage disposal sys- 
tem shall include the following: A general 
map of the municipality or sewerage district; 
profiles of all sewers proposed; details of con- 
struction of manholes, flush tanks, and special 
structures pertaining to the sewers; general 
and detailed plans for disposal works; a com- 
prehensive report upon the proposed system 
by the designing or consulting engineer, to 
be written upon letter-size paper, and the 
sheets firmly bound together; a preliminary 
report, containing data and information suf- 
ficient for the complete understanding of the 
project may be submitted to the State Board 
of Health for their consideration, prior to the 
submission of detailed plans. 

Map or general plan (3a).—The general 
plan referred to in paragraph (2) shall be 
drawn.to a scale not greater than 100 nor less 
tha 300 ft. to 1 in.; and shall show the entire 
area of the municipality or district. If the 
municipality is greater than 2 miles in length 
the map may be divided into sections, con- 
forming in size to those mentioned in section 


7 of these rules. The sheets shall be bound 
together and a small index map supplied, 
showing by number the area covered by the 
various sheets. A general plan shall accom- 
pany each application, in the case of a new 
sewer system or any extension or modification 
of any existing sewer system unless such gen- 
eral plan has already been submitted. 

Details of map (3b).—This plan shall show 
all existing or proposed streets, the surface 
elevations at all street intersections, and con- 
tour lines at intervals of not more than Io ft. 

If it is intended to defer the construction of 
sewers in some of the streets, the plan shall 
show that sewerage facilities are provided for 
all such sections of the municipality or sewer- 
age district. The plans shall also clearly show 
the location of all existing sewers, either “sep- 
arate” or “combined,” the location of the dis- 
posal works and the location of existing and 
proposed sewer outlets or overflows. The true 
or magnetic meridian, the town or borough 
lines, title, date, scale, direction of flow and 
average water elevation of the stream shall 
also be clearly shown. The elevation of the 
highest known freshets at the outlets and site 
of the disposal plant shall be given. Any 
area from which sewage is to be pumped shall 
be shown by light shading, coloring or other 
distinctive marks. 

Lettering and symbols (3c).—\Letters and 
figures shall be clearly and distinctly made. 
Sewers to be built at present shall be shown 
by, solid lines, and sewers to be constructed 
later shall be shown by a line of dashes as 
Existing sanitary sewers shall be 
shown by the following symbol, ........ , and 
combined sewers by a dot and dash, ——. 
All topographical symbols used are to be the 
same as those of the U. S. Geological Survey. 

Elevations (3d).—Elevations of the surface 
of the streets should be placed outside the 
street lines in the upper right angle, or op- 
posite their respective positions in the street. 
The elevations of sewer inverts should be 
shown at street intersections, ends of line, and 
wherever a change of grade occurs. The ele- 
vations of the sewer shall be written close to 
the point to which they refer, parallel with 
the sewer line and between the street lines. 
The elevations of surface shall be shown to the 
nearest 0.1 ft.; those of the sewer invert to the 
nearest 0.01 ft. The sizes and gradients of 
all proposed and existing sewers shall be 


_ marked along the line of the sewer. 


Sewer appurtenances (3e).—All sewer ap- 
purtenances and unusual features, such as 
manholes, lampholes, flush tanks, siphons, 
pumps, etc., shall be designated on the plans 
by suitable symbols and refereneed by a legend 
near the title. 

Profiles (4).—Profiles of all sewers over 8 
in. in diameter and of all 8-in. sewers, where 
gradients less than that given below are used, 
shall accompany the application. Profiles of 
all sewers must be approved before they are 
constructed. Profiles of sewer lines shall be 
prepared and drawn to such a scale as to 
clearly show the structural features of the 
sewer. For ordinary use, the following scales 
are suggested: Vertically, 10 ft. to 1 in.; 
horizontally, too ft. to r in. Both scales must 
be clearly shown upon each sheet. Upon these 
profiles shall be shown all manholes, flush- 
tanks, lampholes, siphons and stream cross- 
ings, with elevations of stream bed and nor- 
mal water. Figures showing the sizes and 


gradients of sewers, surface elevations, sewer 
inverts, etc., should be shown with the same 
frequency as required for the map. : 
Grades, etc—The following gradients for 
sewers flowing half full are suggested as mini- 
mum grades for ordinary use, as with careful 
construction a theoretical velocity of approxi- 
mately 2 ft. per second can be obtained: 


Fall in it. 
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The sewers should have a capacity when 
flowing half full sufficient to carry twice the 
future average flow twenty-five years hence, 
plus a sufficient allowance for ground water 
infiltration. When grades lower than those 
given are used, an explanation and reasons 
for the use of such grades should be included 
in the engineer’s report. On each sheet of 
profiles must be given, under the title, an index 
of the streets appearing on that sheet. Pro- 
file sheets shall be numbered consecutively. 

Detail plans (5).—Detail drawings of sewer 
sections except where terra cotta or iron pipe 
is used, and of all sewer appurtenances, such 
as manholes, lampholes, flush tanks, inspec- 
tion chambers, siphons and any special struc- 
tures, shall accompany the general sewer 
plans. The detail plans shall be drawn to 
such a scale as to show suitably and clearly 
the nature of the design and all details, such 
as manhole frames and covers, iron pipes, 
valves, gates, etc. 

Disposal works (6)—The plans for the dis- 
posal works shall include a general plan upon 
which reserve areas or future extensions are 
clearly shown, and detail plans of the various 
units and structures which comprise the plant. 
A weir or other measuring device shall be 
provided at some convenient point, and the 
installation of a recording device is recom- 
mended, and in particular instances may be 
required. 

Detail plans—The detail plans shall show 
longitudinal and transverse sections sufficient 
to explain the construction of each unit. They 
should also show the distributing and drainage 
systems, general arrangement of any auto- 
matic devices, sizes of stone, gravel, or sand 
used as filtering material, and such other in- 
formation as is required for the intelligent 
understanding of the plans. 

Drawings (7).—All drawing submitted shall 
be neatly and plainly executed and may be 
traced directly on tracing cloth, printed on 
transparent cloth, or printed on any of the 
various papers which give distinct lines. All 
prints shall be clear and legible. 

Size of drawings—With the exception of 
the map, the following dimensions are sug- 
gested for ordinary use: Distance from top 
to bottom, 20 or 30 in.; length, 24 in., 32 in., 
40 in. or 48 in., or thereabouts. By this sec- 
tion it is intended to prevent the use of long 
profiles and unnecessarily large maps, which 
are difficult to file or to use. 

Title—Each drawing shall have legibly 
printed thereon the name of the town or per- 
sons for whom the drawing is made, the name 
of the engineer in charge, the date, the scale 
and such references in the title as are neces- 
sary for the complete understanding of each 
drawing. 

Engineer's report (8)—A report, written 
by the designing or consulting engineer, should 
accompany all plans for complete sewerage 
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systems, and shall give all data upon which 
the design is based, such as: 

Information concerning sewer systems.— 
(a) The nature and extent of the area which 
it is proposed to include within the present 
system of sewerage, and of the area which it 
is planned shall ultimately drain into this sys- 
tem. (b) The population to be served, both 
present and estimated for twenty-five years 
hence. (c) The estimated per capita daily 
flow of sewage to be cared for. (d) The to- 
tal and per capita water consumption of the 
town at the present time. (e) The allowance 
made for leakage into the sewers. (f) The esti- 
mated daily flow of sewage, including leakage. 
(g) The character of the sewage (whether 
domestic or including manufacturing wastes, 
and in case of the latter, the nature and ap- 
proximate quantity of the same stated in spe- 
cific terms). (h) Method of flushing or pe- 
riodically cleaning the sewers. (i) That por- 
tion of the sewers to be built at the present 
time. (j) The minimum grades of sewers 
for each size used. (k) If there are sections 
which cannot drain into this system, the ex- 
tent of such sections and the probable future 
disposition of the sewage from these sections. 
(1) Distance of sewer outlet from shore and 
depth of water at mean tide at outlet, if out- 
fall discharges into ocean or large stream. 

A list of bench marks or fixed elevations 
should be included in this report. 

Information concerning disposal plant— 
With regard to the disposal plant, the engi- 
neer’s report shall cover the following sub- 
jects: 

(a) The method of disposal to be adopted 
and a description of the units of the system. 
(b) The rate of working of each unit. (c) lf 
disinfectant is to be used, the name of the dis- 
infecting substance, the quantity per million 
gallons of sewage and the method of applica- 
tion. (d) The nature of the body of water 
into which the effluent discharges, with par- 
ticular reference to the run-off during dry 
weather. (e) The disposal of sludge. (f) 
All conditions peculiarly characteristic of the 
locality and which in any way affect the de- 
sign of the system. (g) Special devices used 
in connection with the disposal system. (h) 
Special methods of maintenance or operation 
of the system. (i) The results expected from 
the purification system. (j) Explain any 
provisions for reserve units in pumping plants, 
pipe lines, filters, etc. 

Specifications and estimate of cost (9).— 
Specifications for the construction of the sys- 
tem of sewers and sewage disposal works and 
an estimate of the cost of the same shall ac- 
company all plans for new or original systems. 
With plans for extensions of existing sys- 
tems, specifications may be omitted, provided 
that these extensions are to be constructed in 
accordance with specifications filed previously 
with original plans. 

Extensions of present systems (10).—If 
the plans are solely for the extensions of an 
existing system, then only such information as 
is necessary for the comprehension of the 
plans will be required. This information must 
in general conform to the above requirements 
for a complete system. 

General requirements; application for ap- 
proval (11).—The application for approval of 
plans shall be made by the proper municipal 
authorities, persons for whom the work is to 
be done, or their properly authorized agents, 
upon blank forms which will be supplied by 
the board. 

Systems on separate plan.—Under ordinary 
circumstances the board will approve such 
plans only when designed upon the separate 
plan, in which all rain water from roofs, 


streets and other areas and all ground water, 
other than unavoidable leakage, is to be ex- 
cluded. 

By-passes——No by-passes which may allow 
raw or partly purified sewage to be discharged 
from the sewers or disposal works shall be 
included in the plans, except by special per- 
mission of the board. 

Deviation from approved plans —No devia- 
tion from approved plans shall be made, un- 
less amended plans, showing such proposed 
changes, have been submitted to and approved 
by the board. 

[The rules relating to water supply and wa- 
ter purification systems will be published next 
week. | 


Self-Supporting Arched Penstock 


A penstock having many unusual features, 
as shown in the accompanying illustrations, is 
installed at Saint Jean de Maurienne, in the 
Province of Savoie, in France, and is designed 
to carry 950 sec.-ft. at a velocity of 10.32 ft. 
per second. The water, collected in the 
Irrench Alps, is conveyed by a 13,100-ft. tun- 
nel to the forebay. This forebay, as shown 
in the drawing, is provided with sedimentation 
basins, which can easily be cleaned by open- 
ing a sluice gate. Should any wave action due 


to irregularities in the water demand occur a 
concrete spillway will discharge the surplus 
again 


until normal conditions have been 
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Detail of Forebay and End of Penstock 


the plates being in interior and exterior rings 
placed alternately. A footwalk is placed on 
top of the arc. 

There are two curves in the pipe, one above 
the arc and one below it. The first curve is 
simply a 19-deg. deflection made by three suc- 
cessive tapering sections; the other has a 
radius of 65.6 ft. with a subtended angle of 
g2 deg. 15 min. The pipe is supported on 
small concrete piers 20 ft. apart. 

The penstock was designed and built fos 
the Companie des Produits Chimiques d’Alais 
et de la Camargue by Etablissements Bou- 
chayer & Viallet, of Grenoble, France. 


Iron-Ore Statistics 


THE AMOUNT oF IRON OrE MINED in the 
United States in 1912 was 55,150,147 long 
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Elevation of Penstock Arch over L’Arc River in France 


reached. A concrete-lined chute conveys the 
discharge into the River L’Arc. 

The penstock, which is 10.82 ft. in diameter, 
is made of 5/16-in. steel plates at its upper 
end, riveted with 11/16-in. rivets, and at its 
lower end—at the power house—is made of 
3%4-in. plates with 1-in. rivets. The part 
bridging the river is made of 11/16-in. plates 
with I-in. rivets. The span is 223 ft. and the 
rise of the center line of the arc, 19.7 ft. The 
pipe line has double-riveted longitudinal lap 
ioints and single-riveted circumferential joints, 


tons, as compared with 43,876,552 tons in 
IQTI, an increase of 25.69 per cent, according 
to Ernest F. Burchard, of the U. S. Geological 
Survey. Five-eighths of the total was mined 
in Minnesota, the next four states in order 
being Michigan, Alabama, New York and 
Wisconsin. In the Lake Superior district 
the Mesabi range mined 32,604,756 tons; the 
Menominee range, 4,465,466 tons; the Gogebic 
range, 3,926,632 tons; the Marquette range, 
3,545,012 tons; the Vermilion range, 1,457,- 
273 tons, and the Cuyuna range, 369,739 tons. 


Penstock with Forebay and Arched Span over L’Arc River 
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‘Commonwealth Pier 5, Boston 


A 400x1200-Foot Pier with a Two-Story Steel Shed on 


The State. of Massachusetts owns consider- 
able undeveloped land on the waterfront of 
Boston Harbor, which is now under the con- 
trol of a board of five directors appointed 
Dec. 6, 1911. Boston Harbor is from about 
200 to 500 miles nearer Liverpool than any 
other important North Atlantic port on this 
continent. It has a metropolitan district pop- 
ulation of 1,500,000, and is one of the greatest 
wool markets and leather and textile centers in 
the world. The imports and exports for 1912 
aggregated nearly $199,000,000, the imports 
having doubled within ten years. It is well 
adapted for a shipping station for raw cotton 
and Canadian foodstuffs exported into Europe. 
It is also favorably located as a port of call 
of trade routes between northern Europe and 
the Panama Canal. It has a deep-water en- 
trance to an excellent sheltered harbor with 
good anchorage ample for a great number of 
ships. 

The harbor is not sufficiently developed, and 
in order to promote the construction of ade- 
quate facilities a bond issue of $9,000,000 has 
been authorized for improvements by the di- 
rectors of the port. During the year 1912 
plans have been made and some work has been 
commenced in dredging to deepen the chan- 
nels, and to build piers and sea walls, and 
plans and surveys have been made for a junc- 
tion railroad around the city to connect the 
Northern railroad with the South Boston flats, 
for tunnels under the harbor between East 
Boston and South Boston connecting with the 
various railroad systems, and for a large dry- 
dock to be located on South Boston flats. 

The Commonwealth flats in South Boston, 
fronting on the 35-ft. channel and adjacent to 
the south terminal station, the piers and the 
freight yard of the New York, New Haven 
& Hartford Railroad Company are available 
for the construction of very important im- 
provements, for which the directors have ap- 
propriated $2,500,000 to be used in the recon- 
struction of the 400 x 1200-ft. Commonwealth 
Pier 5 and pier shed with freight and passen- 
ger facilities, railroad tracks and highway con- 
nection. 


CHARACTER AND AMOUNT OF WoRK 


The existing pier 5 on the site of Common- 
wealth Pier was of solid earth 300 ft. wide 
and 1150 ft. long, .inclosed on the two sides 
and outer end by an oak pile and timber plat- 
form 50 ft. wide. All of the timber above the 
piles has been replaced by reinforced-concrete 
beams and floorslabs. Pile and concrete 
foundations and concrete sea walls, retaining 
walls and curtain walls have been built to sup- 

port the sheds, and 


construction is far 
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Sclid Fill and Pile Foundations between Docks 40 Feet Deep 


structure, with concrete first and second 
floors and an extensive system of railroad 
tracks, street paving, sewers, drains, water 
and electric mains carried below the surface. 

The principal quantities involved in the con- 
struction of this pier include about 330,000 cu. 
yd. of dredging, 300,000 lin. ft. of wooden 
piles, 28,000 yd. of plain and reinforced con- 
crete, 10,000 tons of structural steel, 6200 sq. 
yd. of street paving, 1800 lin. ft. of sewer pipe 


SxS%3189 _ Concrete FloorLine\ _ 
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above mean low tide and are supported on 
foundation piles protected by riprap and cut-off 
at mean low tide. These walls supported the 
inner edge of the inclosing platform, 50 ft. 
wide, carried on eight rows of oak piles, ar- 
ranged in transverse bents 8 ft. apart. All 
decayed or injured piles were replaced and 
new intermediate two-pile bents driven ad- 
jacent to the waterfront to give additional sup- 
port for the railroad tracks. Clusters of nine 
piles each were also driven 20 ft. apart to 
support the piers for a single line of columns 
on each side of the pier. All piles driven in 
water under the platform are of oak from 50 
to 70 ft. long and 14 in. in diameter 2 ft. from 
the butt, and are driven to an average pene- 
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Second Floor Wall and Floor Girders in Freight Shed 
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New Concrete Face Wall and Floor Supported on Pile Bents 


of all diameters, 3000 ft. of surface drains, 
6800 lin. ft. of water mains and pipes and 500 
lin. ft. of electric conduits laid below the sur- 
face of the ground, and more than 5000 ft. of 
standard-gage track laid with 100-lb, rails. 


PILE SUBSTRUCTURE ° 


The solid fill in the center part of the pier 
is inclosed between granite retaining walls 300 
ft. apart from out to out, which are 16 ft. high 
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tration of 15 ft. in the original clay bottom. 
All of the existing woodwork above the pile 
tops was removed and replaced by reinforced- 
‘concrete construction. 

About 2700 lin. ft. of the original timber 
platform was replaced by a 
‘concrete slab 7 in. thick sup- 


ported on 12x4t-in. floor- 
beams 8 ft. apart, which 
rest on the tops of the 
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wooden piles and are secured to them by I-in. 
iron U-bolt dowels. The inner ends of the 
floorbeams rest on the granite retaining walls 
and are framed into header beams connecting 
the pedestals for the columns in the steel shed. 
The outer ends are connected by similar 
header beams protected by a wooden fender. 
Intermediately the floorbeams are connected 
by pairs of reinforced-concrete stringers under 
the railroad track and by parallel longitudinal 
stiffener beams about midway between the 
track and the retaining wall. Tongue-and- 
groove transverse expansion joints are pro- 
vided about 4o ft. apart in the platform and 
in all of the longitudinal beams and girders. 


CONSTRUCTION REPLACING FIRST 


PLATFORM 


SPECIAL 


Where about 600 lin. ft. of the platform on 
the east side of the pier had been burned all 
of the existing woodwork was removed to a 
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Erecting Steel Shed from River End with Boom Traveler 


pied by the steamship company and the re- 
mainder of the pier will be available for rental 
to others. The two side sheds, each about 99 
ft. wide, are intended to be used, at first, ex- 
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Structural Details of Steel Frame Exterior Wall for Freight Shed 


level 10 ft. above mean low water, new piles 
were driven as required, and all piles were 
capped, at right angles to the pier, by trans- 
verse reinforced-concrete beams 12 in. thick 
and 7% ft. high up to the bottom of the floor- 
slabs, thus forming practically curtain walls 
perforated with openings about 4 ft. wide be- 
tween the piles. These walls were stiffened at 
the outer and inner ends and at one intermedi- 
ate point by 12 x 36-in. longitudinal beams and 
by track stringers similar to those already de- 
scribed. 

Short cast-iron columns or pedestals 30 in. 
high were seated on the tops of the piles, an- 
chored to them, and built solid into the trans- 
verse walls or beams, in order to support the 
platform and upper portions of the beams if 
the lower portions of the latter should become 
deteriorated by action of sea water and frost, 
so as to require repairs at some future time. 


Pier SHEDS 


The steel superstructure consists of three 
full-length, three-aisle sheds separated by sur- 
face railroad tracks, with roofs connecting the 
adjacent sheds and forming a continuous 
shelter across the full width of the three sheds. 
The center shed is 120 ft. wide and will be oc- 
cupied in the upper story by the passenger de- 
partment of the Hamburg-American steamship 
line. One of the side sheds will also be occu- 


clusively for freight service, and will be 
equipped with electric winches for handling all 
freight. They will be served by two lines 


of standard-gage steam-car tracks depressed 
about 3 ft. below the first-floor level on each 
side of the center shed and by one line of 
tracks on each side of the pier outside of the 
outer sheds. All of the sheds will have 
throughout a second floor proportioned for a 
live load of 500 lb. per square foot, with a clear- 
ance of 22 ft. 8 in. above the first floor. The 
second floor in the center shed will be con-— 
nected with the second floor of each side shed 
by six covered bridges 20 ft. wide. Both of 
the side sheds will have structural-steel tow- 
ers supporting a gallery in which a conveyor 
will be installed to deliver grain from the grain 
elevator which is to be built near this pier. 
Each of the sheds has windows in all of 


‘its walls and in the clerestory of the center 


aisle. 

The steel superstructure has transverse col- 
umn bents 20 ft. apart longitudinally, which 
carry heavy kneebraced transverse plate gird- 
ers for the second floor and light riveted spor 
trusses. 

The columns are connected by transverse - 
second-floor plate girders 5 ft. deep, field-riv- 
eted to them through hitch angles, and by 
light riveted longitudinal wall trusses 5 ft. 
deep. The upper ends are connected by simi- 
lar longitudinal trusses and by the roof trusses. 
Longitudinal bracing is provided in the end 
panels and in every alternate panel in the roof 
and between the upper portions of the wall 
columns. 

The wall columns are of special construction, 
having a rectangular cross-section made up of 
an I-shape center member with a solid web 
plate and two pairs of flange angles, connected 
by bent plates to a channel on each side, with 
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its flanges turned inward to form pockets for 
the counterweights of the doors. 

The first floor has a 1o-in. foundation of 
1:3:6 Portland cement concrete laid on the 
solid fill and surfaced with 2 in. of bituminous 
coating. The second floor is a slab of 1:2:4 
reinforced concrete 5 in. thick with bitulithic 
macadam in the freight sheds and is sup- 
ported on steel beams spaced about 5% ft. 
apart. The roof is of 2-in. tongue-and-groove 
hard-pine planks covered with five-ply felt 
asphalt and slag. All gutters and upper parts 
of conductors are of 16-0z. copper; the lower 
parts of the conductors are of cast iron. 

The walls of this shed along both sides of 
the pier, except for one bay at the outer end 
and seven bays at the inner end, are closed 
on the lower floors with Ogden double-leaf 
doors 18 ft. wide and 22 ft. high, except for 
five bays at the outer and seven bays at the 


engineer, and Mr. John R. Ferguson, resident 
engineer. H. P. Converse & Co., of Boston, 
are the general contractors. The Phoenix Iron 
Company was the contractor for the fabrica- 
tion of the structural steelwork, which was 
erected by Daniel Marr & Son. The John T. 
Scully Foundation Co. was the contractor for 
the pile driving. 


High Steel Viaduct in New 
Zealand 


The Hapuawhenua single-track viaduct of 
the North Island Main Trunk Railway of New 
Zealand is about 970 ft. long and 150 ft. in 
maximum height from the bottom of founda- 
tions. It comprises seventeen 36-ft. plate- 
girder spans and five 64-ft. deck-track truss 
spans supported on four steel towers and 
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Reinforced-Concrete Floorslab and Girders and Column Piers 


inner end and on the upper floor with similar 
doors 15 ft. high, the upper half of each door 
having a large wndow. 

The sheds are equipped with electric plat- 
form elevators of 12 tons capacity. There are 
also nine steel stairways to the upper floor. 
The buildings are thoroughly equipped with 
water supply, high-pressure hydrants and auto- 
matic fire-extinguisher sprinklers, and have 
plumbing and electric lighting. The center 
shed ‘is fitted and subdivided into numerous 
rooms suitable for the first and second class 
passengers and immigrants and for the United 
States Customs and Inspection Departments 
and for various offices, restaurants, toilet 
rooms, etc. 

The design and execution of the work are 
under the direction of Mr. Frank W. Hogdon, 
chief engineer; Mr. J. R. Worcester, structural 


fifteen concrete piers with their vertical trans- 
verse faces radial to the alignment curve at 
660 ft. radius. This gives the piers a wedge- 
shape cross-section and their dimensions of 
12 x 36 ft. on top suffice to provide for the dif- 
ferent lengths of inside and outside curves 
and leave the longitudinal girders of uniform 
length. 

The design and fabrication of the steelwork 
apparently conform to British standards and 
present some distinct variations from ordi- 
nary American practice. The tower columns 
are pairs of I-beams latticed, with their webs 
parallel to the alignment. They are braced in 
30-ft. stories with horizontal longitudinal and 
transverse struts and with pin-connected ten- 
sion diagonals in all of the faces of the tower, 
as well as in the horizontal planes at each 
story. The gusset plates to which the main 


diagonals are connected project beyond both 
flanges of the horizontal struts, and their 
edges are deeply notched between the flange 
angles of the struts; the corners are neatly 
rounded to give a sort of sawtooth effect, the 
advantage of which is not stated. 

Where the horizontal diagonal rods inter- 
sect great pains are taken to make one mem- 
ber with two pieces connected by a shackle at 
the center through which the opposite diagonal 
has clearance to pass. As these rods are more 
than 50 ft. long and only 13 in. in diameter, 
any vital objection to springing them less than 
I in. to clear at intersections may not be ap- 
parent to the American bridge engineer. 

The extended bases of the columns are stif- 
fened by vertical tieplates projecting beyond 
the flanges, with nicely rounded notches cut 
in their edges, and holes through the faces cor- 
respond well with the gusset plates noted in 
the foregoing. The ends of these plates are 
bent double and riveted back on the inner 
sides of the I-beam flanges, thus making in 
cross-section loops or pockets through which 
the vertical anchor bolts pass, with their nuts 
bearing on the upper edges of the plates. 

The ends of the truss spans are supported 
on the top flanges of the longitudinal tower 
girders, which are made shallower at the end 
to receive them, the bottom flanges being hori- 
zontal and the top flanges inclined at the ends, 
thus reversing the usual arrangement for drop 
end girders. 

The floorbeams are 20-in., 95 lb. I-beams 
12 ft. long and 8 ft. apart, provided with corbel 
brackets to receive the wooden stringers, one 
line of which is made 12x 12 in. and the other 
12x 16% in. to provide positively for the su- 
perelevation of the outer rail in the curve. 

The towers were erected by a wooden gin- 
pole 30 ft. long, which was at first set in a 
hollow in the concrete pier surface chipped 
out expressly to receive it. After the first 
story of the tower was erected the ginpole was 
hoisted to the top of it by a light wire attached 
to the top of the permanent column and led 
through a sheave at the foot of the ginpole, 
over another sheave at the top of the column 
and thence to the hoisting engine. 

The great irregularity of the surface made 
the erection difficult, and the tower girders 
were hoisted inside the towers. The 64-it. 
trusses were assembled on the ground between 
towers and hoisted in an inclined position to 
clear the tower. Frequent stops were neces- 
sary to avoid obstruction, and it was there- 
fore considered safer to hoist them with hand 
power, which required a maximum of two 
and a half hours to hoist a 9!4-ton truss, 
rather than to use steam power that was avail- 
able there. 

The work was described by Mr. R. W. 
Holmes, resident engineer, in a paper pub- 
lished recently in the excerpt minutes of the 
proceedings of the Institution of Engineers. 


A Drepce Boat ImMproveMENT for advanc- 
ing the dredge in the line of operation has 
been invented by Mr. Alfred Watkins and 
applied to a suction dredge now removing 
about 12,000,000 tons of earth for the rectifi- 
cation of the channel of the Loire, France, as 
described in a recent issue of “Engineering.” 
The boat is fitted with a pivot spud and a 
rotor spud, the latter passing through a verti- 
cal sleeve in a horizontal eccentric plate about 
7% ft. in diameter. The plate is revolved by 
a worm gear to swing the spud in and out of 
the line of advance of the boat, so that al- 
ternately raising and lowering this spud and 
the pivot spud enables the dredge cutter to be 
swung through any required arc parallel to 
the preceding swing. 
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Determining Proportions of Con- 
crete Mixtures after Hardening 


By H. Burchartz, Royal Testing Laboratory, Berlin- 
Lichterfelde 


A test of cured and hardened mortar or 
concrete is often desirable in cases where 
damage has occurred or weakness become evi- 
dent after the concrete has set, as, for in- 
stance, if the concrete is not well formed and 
remains brittle, if the surface of the mortar 
shows cracks or exfoliations, if a finished 
floor gives too early evidence of wear, or if 
parts of buildings collapse. 

In such cases one can determine by testing 
the material used whether the unsatisfactory 
setting process of the mortar or concrete is 
due to too poor a mixture or to other causes. 

The question next arises whether positive 
tests can be made and definite, reliable results 
obtained as to the exact ratio of cement to 
aggregate that was used in the mixture. 

The ratio in parts by weight can always be 
determined in cases where the compound con- 
tains one cementitious material only—that is, 
either cement, as is generally the case, or 
lime, but not if these two or other binding ma- 
terials are used in the same mixture, and if 
the aggregate does not contain an appreciable 
quantity of ingredients soluble in acid, such 
as carbonate of lime, oxide of iron, soluble 
silica, china clay, etc., or if not too large a 
quantity of loam or clay products is contained 
therein. 

Under these favorable conditions the test 
can be safely made by chemical analysis, 
treating the dried and crushed materials with 
dilute muriatic acid. A fault of little impor- 
tance is that the aggregate usually contains 
portions of ingredients soluble in acid. 
Therefore the mixture will be found some- 
what too rich and the final analysis will favor 
the concrete producer. 


PROPORTIONS BY VOLUME 


In practice, however, the materials in ques- 
tion in a concrete mixture are commonly pro- 
portioned by volumes. It is, therefore, im- 


perative, especially in practice, that the ratios 
by weight should be transformed into ratios 
by volume. For this purpose the weight of a 
known volume of the materials in question has 
to be ascertained. If this weight is known, 
or may afterward be determined, then such 
calculation is easy and reliable. It is neces- 
sary that the weight of the cement which was 
used for such mixtures be obtainable, as it is 
not possible to regain the cement in its origi- 
nal state out of the hardened concrete. The 
aggregate, however, can be regained and 
tested as to its relative weight and volume, 
assuming that it is not soluble in acid. One 
must, however, take into consideration that 
the degree of humidity under which the 
aggregate was used is unknown, but forms 
an important item as to the true result. (See 
“Testing of Cured Cement Mortar and Con- 
crete, and Lime Mortar, as to Their Mechani- 
cal Composition,” by Burchartz. “Mitteilun- 
gen aus dem Kgl. Materialpriifungsamt.” 
Berlin-Lichterfelde, 1906.) 

The Royal Testing Laboratory at Berlin- 
Lichterfelde proceeds as follows in calculat- 
ing the ratio of the mixture in parts by vol- 
ume from those in parts by weight: 

In the case of cement mortar or concrete 
the weight of Portland cement, according to 
the standard specifications, is 1400 kg. for I 
cu. m., or 1.4 kg. for 1 liter. For the aggre- 
gate recovered by technical analysis the ratio 
of volume to weight is found by taking the 
average weight of one liter of the material 
(sand, gravel, broken stone, etc.), moistened 
by the addition of water equal to 4 per cent 
of the quantity. For instance, if the propor- 
tions of a concrete mixture as to parts by 
weight are obtained by analysis, as 22 of ce- 
ment and 72 of gravel, equal to 1:3.3, and 
assuming that the weight of gravel is 1.60 kg. 
per liter, then the calculation of the ratio as 
to parts by volume gives (22/1.40) :(72/1.60), 
Or 1.5/4.5 Or 133. 

The question now arises whether or not the 
ratio obtained by the above method is suffi- 
ciently correct—a question of the greatest im- 
portance in settling controversy in the build- 


-ing trade and which is gaining more impor- 


tance every day by the constantly increasing 


usual method was not applicable. 


use of concrete and reinforced concrete. (See 
“Fulfilling of Specifications for the Ratio of 
Mixture,’ by Kleinlogel. ‘“Tonindustriezei- 


tung,” 1912. No. 25, pages 347-348). 
Lazoratory METHODS 


In the laboratory mentioned above an at- 
tempt was made to solve this question by 
analyzing some mixtures of which the compo- 
sition was known. For this purpose out of 
one cement and various aggregates several 
different concrete mixtures were made, using 
materials of known weights. From _ these 
mixtures cubes of 10 cm. length were formed 
and tamped. The ratios of the mixture, the 
aggregates used, the weight of the constitu- 
ents and the per cent of water added are 
shown in the accompanying table. The test 
pieces were left uncovered and were sprin- 
kled once daily from the second to the seventh 
day. Several specimens of mixture 3 were 
hardened under water. 

At the end of twenty-eight days the test 
pieces were distributed among several chem- 
ists for the purpose of determining the pro- 
portions. This was done without letting them 
know the ratio or the purpose of the tests. 

The analysis was made by the method 
above described, except with mixture 6, the 
aggregate of which contained a considerable 
amount of carbonate of lime (limestone dé- 
bris). It was rather impure, besides, and the 
In this 
case the chemist analyzed the soluble silica in 
the concrete in order to ascertain the amount 
of cement from the analysis of silica. The 
proportion of silica was thus found to be 22 
per cent; that is, standard Portland cement. 
The results of the tests are shown in the table. 

A’ comparison of the values in column 19 
with those in column 2 shows the close ac- - 
cordance of the proportions determined by the 
test with those really employed in making the 
concrete. These are especially close if one 
compares the result of standard-sand mor- 
tars with the ratio of mixture for dry sand. 
In fact, dry sand was used in preparing the 
standard-sand mixtures, contrary to the cus- 
tom in practice, and only the results thus 
arrived at were considered. 


REsuLts oF Tests TO DETERMINE THE PROPORTIONS OF HARDENED CONCRETE 
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ing. to 17.5 per 
cent cement 


undertaken with accuracy 


(a) The unit weight was determined from a 10-liter sample; the standard sand being dry and the remainder of the aggregate in ils natural state. 
(b) The gravel was dirty and full of limestone’ debris. 


(c) Figures in parentheses refer to dry material. 


(d) Calculated from column 14, based upon weight of 1.4 kg per liter, or 86.7 tb. per cubic foot, for cement, and the values in column 17 for the aggregate. 
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The results of the tests prove that the 
method may be considered reliable for the 
ascertainment of the proportions of hardened 
mortar and concrete. It is doubtful, how- 
ever, whether reliable results can be obtained 
if the proportions are ascertained upon the 
basis of the content of soluble silica in mix- 
tures the aggregates of which contain loamy 
or impure products, for the results indicate a 
mixture richer than actually used. 

In case of emergency, however, if one is 
satisfied with an approximation of the real 
proportions, such methods of determining the 
mechanical composition may not be prohibi- 
tive. 

In practice it is not of great importance 
whether the ratio of mixture proves to be one- 
half of one unit of volume more or less, es- 
pecially as on the job an absolutely correct 
mixture is rarely ever obtained. 


Launching a Submerged Sewer 
Outfall at Ocean Grove 


By Marshall R. Pugh, of Pugh & Hubbard, Civil 
Engineers, Philadelphia 


A sewer outfall extending about a quarter of 
a mile into the Atlantic Ocean was recently 
put in place at Ocean Grove, N. J., to dis- 
charge the effluent from the clarification tanks 
of a sewer district in Neptune township. The 
system consists of approximately 10 miles of 
terra-cotta pipe sewer. The outfall sewer at 
the beach is 15 in. in diameter. The portion 
of the pipe in the ocean is of 12-in. standard 
galvanized wrought-iron pipe manufactured by 
the Reading Iron Works, with screwed joints 
and galvanized couplings. 

The outlet extends alongside a fishing pier 
at Embury Avenue; accordingly, the full 
length of pipe to reach out to sea was screwed 
together along. Embury Avenue. Since the 
pier came directly opposite the prolongation 
of the street it was necessary to deflect the 
pipe at Ocean Avenue. The surface of Em- 
bury Avenue being hard gravel, the pipe was 
placed on small wooden trucks, on the por- 
tion laid along the street, while across the 
grass plot, boardwalk and beach it was neces- 
sary to have stationary rollers, blocked up 
where necessary to the proper grade. To 
anchor the outer end of the pipe, and also to 
raise it above the floor of the ocean so that it 
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would be in no danger of choking with sand, 
this outer end was attached to a cast-iron plate 
with two cradles and was bent upward at an 
angle of 45 deg., as shown in the illustration. 
This outlet anchor weighed approximately 2600 
Ib. ‘To prevent the water entering while it was 
being run out to sea the end of the pipe at the 
anchor was capped with a wooden cap, like a 
cork in a bottle. This cap was closely but not 
tightly fitted, and was heavily lubricated with 
thick white lead at the joint so as to prevent 
any water entering around it. 

Since standard 12-in, wrought-iron pipe 
floats when filled with air, and a floating pipe 
might be damaged by the swell of the ocean, a 
3-in. “ballast” pipe was laid inside of it for 
the whole length, and this 3-in. pipe was filled 
with water, so as to partially sink the larger 
pipe. Somewhat over a quarter of a mile from 
the shore were placed five ship anchors, two 
of these being 500-lb. anchors, the other three 
being somewhat lighter. When these were 
firmly embedded a sheave was attached to 
them, through which was passed a %-in. steel 
cable. 
the cast-iron bedplate of the outlet anchor and 
pipe, while the other end was attached to the 
drum of a hoisting engine, and to prevent the 
outgoing and incoming lines of cable fouling 
each other, the incoming line was floated by 
means of five oil casks attached to it at inter- 
vals. 


TRUCK FOR OUTLET 


The illustration shows the truck used to en- 
able the heavy outlet anchor plate to be pulled 
out to sea. It consisted of two 6-ft. wheels 
made of two thicknesses of 2-in. plank, with a 
further reinforcement of 2-in. plank on each 
side at the outer edge by way of a tire, thus 
making an 8-in. face for each wheel. A hook 
attached to the axle caught a ring on the an- 
chor plate, raising it about a foot from the 
beach, and a shaft, through the end of which 
the steel cable passed, prevented the axle from 
turning over and dropping the heavy cast-iron 
anchor plate. 

When everything was in readiness a some- 
what tedious wait of eleven days took place, 
for continued east winds and storms effectu- 
ally prevented any attempt to put the sewer 
pipe out. At last, Tuesday, April 22, an ideal 
day permitted the attempt. A light wind was 
blowing from the west, with a sea smooth and 
free from swells. When everything was in 


Hoisting Engine Hauling Long 


Pipe Line into Ocean 


One end of this cable was secured to’™ 


readiness the shaft on the drum of the hoisting 
engine broke, but fortunately it was a double- 
drum hoist, so the-cable was attached to the 
other drum and the tension put upon the cable 
at 10.15 a. m. To relieve the strain on this 
cable a rope from the gipsy on the hoist was 
taken back toward Ocean Avenue and attached 
to the pipe, so as to assist in pulling. As the 
point at which this rope was attached came 
opposite the engine, it was necessary to stop, 
detach it, take it back and get a new hitch, 
when operations were started once more. 
These delays caused it to take two hours and 
fifteen minutes to put the outlet in place, but 
the actual time the pipe was in motion was 
thirty-nine and one-half minutes. As more 
and more of the pipe left the land it became 
continuously easier to move it, so that whereas 
at the start a 21-ft. length of pipe required one 
minute to move its own length, at the end it 
only required thirteen seconds to go the same 
distance. 


REMOVING OuTLET PLUG 


When the shore end of the pipe was pulled 
out somewhat beyond high water mark a bush- 


Wheel Truck for Outfall 


ing was screwed into it having a 2-in. pipe con- 
nection to a steam pump. Water was pumped 
in, which settled the outlet pipe, and also com- 
pressed the air in it. When this compression 
reached a sufficient amount to more than neu- 
tralize the pressure of the 33 ft. of water 
overlaying the outlet anchor the plug blew out 
like a cork from a popgun, admitting the water 
and sinking the pipe. An air pocket having 
formed near the shore end, a )4-in. hole was 
drilled in the pipe, allowing this air to escape, 
the hole being closed by screwing a bolt into 
it. The pipe now lay along the bottom of the 
ocean, the end at the beach being about 3 ft. 
below high-water mark and the outer end about 
33 ft. below. The 3-in. ballast pipe was with- 
drawn and a temporary cap placed at the shore 
end until the connection with the sewer could 
be made. 

When the tension on the cable was released 
the weight of the anchor plate caused the shaft 
on the truck to tilt up, allowing the hook to dis- 
engage the anchor, whereupon the truck floated 
to the surface and was brought ashore. 

Messrs. Pugh & Hubbard, of Philadelphia, 
were the engineers, and the Monmouth Con- 
tracting Company, of Red Bank, N. J., was the 
contractor for the disposal works and outfall 
sewer. The subcontractors for the ocean out- 
let were Mathews Brothers, also of Red Bank, 
to whom is due great credit for the successful 
execution of the work. 


METERED-WATER SERVICE IN CHICAGO is 
proposed by the water department. An ordi- 
nance to meter every one of the 17,000 service 
pipes is under way. 
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Suspended Grillage Foundation of 
Thirteen-Story Building 


The excavation in Church Street, New 
York, for Section 1 of the Lexington Avenue 
subway is through fine wet sand which be- 
comes unstable and threatens the undermining 
of adjacent tall and heavy buildings. These 
buildings have therefore been underpinned by 
sectional steel lattice girders, assembled in po- 
sition at the site and supported on piles con- 
sisting of pipes sunk below subgrade and filled 
with concrete before the general excavation 
was completed. The details of design and 
operation have been developed in the execu- 
tion of the work by Frederick L. Cranford, 
Inc., contractor for this section of the subway, 
which is being built under the direction of the 
Public Service Commission, of which Mr. Al- 
fred Craven is chief engineer and Mr. Robert 
Ridgway engineer of subway construction. 

The thirteen-story building at the corner of 
Cedar and Church Streets has, adjacent to the 
subway, four wall columns with estimated 
loads of about 1300 tons each on grillage 
footings in the sand about 15 ft. below the 
surface of the street and ro ft. above the sub- 
grade of the subway. The cellar floor and 
earth were excavated to expose the tops of 
the grillage beams on both sides of the col- 
umns, and on them were assembled, on each 
side of the row of columns and close to them, 
a pair of continuous lattice girders 30 in. deep, 
made of pairs of 6 x 6-in. flange angles and 
4 x 3%-in. flat web members, all field-bolted to- 
gether to make a 42-ft. line of four girders 
extending across the full front of the building. 

Close to each side of each column over the 
south grillage there were set on the top flanges 
of the lattice girders a pair of 20-in I-beams, 
14-ft. long, transverse to the building line. 
Long welded links of I-in. square wrought 
iron were set vertically in the spaces between 
the I-beams and girders and steel keys were 
passed through their upper ends to take bear- 
ing on transverse pieces set on the top flanges 
of the 20-in. I-beams. Similar keys through 
the lower ends of the links engaged the bot- 
tom surfaces of the top flanges of the grillage 
beams so that wedges driven under the upper 
keys developed a lifting stress tending to sus- 
pend the grillage beams from the lattice gird- 
ers. Over the north grillage the 20-in. I-beams 
were omitted and the links were turned go deg. 
and engaged the top flanges of the lattice gird- 
ers directly, because the grillage beams are at 
right angles to those in the south grillage and 
thus facilitated this arrangement. 

On both sides of the lattice girders 5 x 5-ft. 
pits were excavated and sheeted down to water 
level about 3 ft. below the bottom flanges of 
the girders and in each pit five 14-in. section- 
al riveted steel pipes were jacked below sub- 
grade. The interiors were excavated and 
concreted. They were capped and received 
cast-iron columns wedged up to bearing 
against the bottom flanges of the lattice gird- 
ers, thus transferring the column loads im- 
posed on the latter to the pile foundation at 
a point below any disturbance from the sub- 
way construction. All of the beams and gird- 
ers will be inclosed by forms and concreted, 
thus providing a solid extended foundation for 
the entire front of the building, supplemented 
by the piles which carry the load to a safe 
footing. 


THE PropucTIoN oF ROLLED IRON AND STEEL 
in the United States during the year 1912 
amounted to 24,656,841 long tons. This in- 
cludes all kinds of finished products and semi- 
finished products rolled for export. 
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Letters to the Editor 


False Economy in Engineering 
Construction 


Dear Sir: The editorial “False Economy 
in Engineering Construction” in the issue of 
Aug. 23, page 199, is well taken and especially 
that part touching on the non-revision of 
plans after construction. An incident of this 
kind was impressed on the writer, at that time 
in charge of a gang of laborers excavating 
for retaining-wall footings on grade separa- 
tion work in Chicago. At one point a tele- 
phone conduit was uncovered, running diag- 
onally across the excavation and about 2 ft. 
above the bottom of the footing grade. A 
street lay adjacent and parallel to the railway 


_ property line. 


The engineer in charge of the railway field 
work consulted his plans, which showed that 
the conduit was an old one, formerly con- 
nected with the depot before the latter was 
removed, so he gave orders to tear out the 
conduit. This conduit, however, proved to be 
a live one, containing approximately fifty 
wires, and within a few minutes after the 
wires were out a number of telephone men 
were on the job. 

When the conduit was put in, the construc- 
tion forces, instead of following the plan, had 
cut diagonally across to a manhole. The plan 
showed the conduit line straight down the 
middle of the street, with a right-angle turn 
to the manhole. The result of not bringing 
the plans up to date was a serious interrup- 
tion of service on about fifty phones. This in- 
cident shows the necessity for bringing plans 
up to date after a job has been completed, 
especially when the plans relate to under- 
ground work. 


Chicago. K. L. Van Auxen, C.E. 


Clauses in Contracts 


Dear Sir: I read with a great deal of in- 
terest the recent comments in your paper with 
regard to clauses in specifications which are 
unjust to contractors and I am very much dis- 
inclined to agree with you that the usual con- 
tracts are fair to both parties. As an instance, 
I have copied here part of a specification re- 
cently issued by one of the Government 
bureaus: 

“The contractor will excavate on the reser- 
vation where the representative of the 
shall direct a well which will be connected to 
the pumps in the cellars. The excavation will 
be made circular and of sufficient depth to 
furnish a constant daily supply of water 
throughout the year equal to at least 500 gal- 
lons. If rock is encountered before the speci- 
fied amount of water is obtained, the con- 
tractor will be allowed 75 cents for each cubic 
yard excavated to obtain the amount of water 
above specified.” 

You can see from the above that the con- 
tractor might possibly have to go down sev- 
eral hundred feet before obtaining the re- 
quired amount of water and that the job might 
cost him $100 or it might cost him $2,000, the 
Government, however, not paying him one cent 
extra if he happened to guess wrong as to 
what depth water would be found at on the 
Government property. You will also notice 
that the price of 75 cents per cubic yard of 
rock is ridiculously low for excavation in a 
well. 

The clause as above quoted is an example 
of the many clauses of a similar character 
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which architects and engineers continually 
write into their specifications and which en- 
deavor to place upon the contractor responsi- 
bility which really belongs to the architect, 
the engineer or the client. 

New York. Cuartes F, DinemMan. 


Corrosion of Metals 


Dear Sir: In connection with articles on 
the problem of corrosion of metals, published 
in your issue of Aug. 23, certain results ob- 
tained recently in our laboratories may be of 
interest to your readers. The results outlined 
below were obtained in an investigation of 
corrosion in a hydroelectric plant. In con- 
sidering the problem it was assumed that 
analyses of samples of the rust itself might 
throw some light on the problem, at least to 
the extent of indicating if acids present in 
the water would be found in the rust. Five 
samples, therefore, were taken and analyzed. 
It was assumed that these would contain oc- 
cluded clay matter or silt in addition to prod- 
ucts of corrosion, and the samples were treated 
with dilute hydrochloric acid, the insoluble 
portions consisting of silt or clay matter being 
analyzed separately. 

The samples were found to contain: 


INSOLUBLE IN HyprocHLoric’ Acip 


a) 3 
I . 00 
Bee ete aes 
Be eS ee 
Description of a a5 F BI go 
sample Siri a Oe og 3% o§ 
| Sie HS uO ae) 
a Ba Re fe [<eo} 
Siltea: (S1Og)istiees «ce 2.80 10.16 4.84 15.96 2.90 
Alumina and iron oxide 
CRaOs) Giwolene cess 1.44 4.60 2.44 5.76 Deo 
Lime=(@aO) vin sscies ors None None None None None 
Magnesia (MgO) ....None None None None None 
Sulphuric anhydride ; 
SOs) 2s. 08) pti toems None None None None None 


SoLuBLE IN HyprocHLoric AcID 


Silica. (SiOs) ......... 0.72 '= 0.40 0.44" (0.24 0:76 
Ferric oxide (FegOs)..67.92 62.24 65.34 55.20 77.84 
Alumina (Al,03) ....None None None None None 


hime.6Ca@) a oensiiae None None None None None 
Magnesia (MgO)......None None None None None 
Sulphuric anhydride 

SOs). -s5i 5th teewes 1522)5 7216: 1.83 1.36 2.36 


Carbon dioxide (COg).None None None None None 
) 26.28 21.28 24.72 22.24 14.88 


It will be noted from these analyses that 
these rust samples consist largely of hydrous 
oxide of iron, together with occluded matter 
and small quantities of sulphate of iron. The 
water used at this plant contained on the av- 
erage of from 1 to 2 grains of sulphuric an- 
hydride per U. S. gallon. 

The corrosion at this plant was very ex- 
tensive and appeared to become much more 
rapid when a spongy coating of rust had 
formed. 

So far as we know, these are the first pub- 
lished analyses of rust, as examination of 
considerable literature bearing on the subject 
failed to disclose any. 

Henry S. SPACKMAN ENGINEERING Co., 

E. L. Conwell, Secretary. 

Philadelphia. 


Tue Lister Dam in Germany was officially 
dedicated on July 5. It is one of the structures 
built at the instigation of the “Ruhrtalsperren- 
verein” (see Engineering Record of July 19, 
1913, page 72) and will be of importance for 
the water users on the Lister, Lippe and Lenne 
rivers. Its maximum storage capacity is 660,- 
000,000 cu. ft. It collects the runoff from a 
drainage area of 25.8 sq. miles. The dam it- 
self is made of cyclopean masonry and has a 
capacity of 140,000 cu. yd. The total cost of 
the reservoir, including the cleaning of its 
basin, is $1,010,000. 
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